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A PRELIMINARY LIST OF IOWA ANTS 
WILLIAM F . BUREN1 
From the Department of Zoology and Entomology, Iowa State College 
Received September 19, 1940 
Of considerable value in entomological work is the determination of 
the distribution of the various species of insects. This work, while carried 
on extensively for many insects of economic importance, is often neg-
lected in the case of families of less economic importance, such as the 
Formicidae. That the Formicidae would be neglected to a great extent 
were it not for the fascination which their instinctive and behavioristic 
patterns hold for many men, and which occasionally leads them over into 
taxonomic phases, is without doubt. The taxonomy of North American 
Formicidae has been very well worked out by Wheeler, Emery, Fore!, 
Mayr, Smith and others. Some new forms are still being described but 
these are mostly of subspecific or varietal rank. A great deal of the dis-
tribution has also been worked out, some of it by means of State lists. No 
list of Iowa ants has ever been published. The writer has been collecting 
ants and working on their identification for the past two years, and it 
seemed advisable, therefore, to present a list of species from the state, as 
incomplete and as circumscribed in its scope as it may be. 
This list contains no species not actually seen by the writer and only 
five forms (Formica truncicola subsp. obscuriventris var. gymnomma, F. 
sanguinea subsp. rubicunda var. sublucida, F. (Proformica) neogagates 
subsp. lasioides, Camponotus caryae subsp. discolor, and C. caryae var. 
minutus) have not been collected by the author. These were identified 
from old material reposing in the College collection. Such material, 
mounted singly without regard to the colonial and polymorphic character 
of ants, and much as if they were beetles or solitary Hymenoptera, is often 
very difficult to determine. Ants should always be collected by the 
colony if possible and an attempt should be made to secure a representa-
tion of all the worker forms of the colony and also any sexual or winged 
forms which may be present. 
At the present writing extensive collecting trips to the various cor-
ners of the state have just been completed and as a result many more 
species have been found which will be identified and listed in a later pub-
lication. One of these, Eciton ( Acamatus) nigrescens,2 a "driver ant," has 
been inserted in the present paper because of its importance as a distribu-
tional record. 
'The writer desires to express his appreciation to Dr. H. H. Knight, Professor of 
Entomology, Iowa State College, for much valuable assistance and encouragement in 
this study. 
' M. R. Smith has recently shown Ecitcm (Acamatus) schmitti to be synonymous 
with this species. 
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The bluffs along the Missouri river, where several colonies of 
nigrescens were found as well as another still unidentified species of 
Eciton, present an interesting ecological change from the rest of the state. 
These bluffs, composed mainly of clay (loess) have very steep slopes and 
are therefore very quickly drained and quite arid. This region thus simu-
lates the conditions of the arid southwest and it is not surprising that 
southwestern ant forms have become part of the fauna. Several other 
species have been found in these bluffs which are rare or absent in other 
parts of the state. 
The greater part of Iowa's ant fauna seems to be eastern or north-
eastern in character. Undoubtedly Iowa once supported a widely distrib-
uted and extensive prairie ant fauna also, which has now been displaced 
and destroyed in a great part by cultivation. Only one species can be 
classed as a part of the western or Rocky Mountain fauna. This is a 
"thatching ant,'' a member of the rufa group of the genus Formica. It can 
be found in Iowa only in the extreme northwest corner of the state along 
the Big Sioux river. 
FAMILY FORMICIDAE 
SUBFAMILY PONERINAE 
Genus Ponera Latreille 
1. P. coarctata Latreille subsp. pennsylvanica Buckley. ~ <;? ~ -Ames, 
Clinton. 
Common near Ames; nesting under stones in small colonies. 
SUBFAMILY DORYLINAE 
Genus Eciton Latreille 
Subgenus Acamatus Emery 
2. E. (A .) nigrescens Cresson. ~ -Little Sioux, Sioux City. 
This ant is common in Iowa only in the bluffs along the Missouri 
river. Since nigrescens appears to follow these bluffs closely I believe 
that it also exists in northern Nebraska and southern South Dakota on 
the bluffs of the same river. Thus nigrescens has a much greater range 
than heretofore suspected. 
SUBFAMILY MYRMICINAE 
Genus Stenamma Westwood 
3. S . brevicorne Mayr subsp. diecki Emery var. impressum Emery. 
~ <;? ~ -Ames, Arnolds Park. 
Rare; nesting in very small colonies under stones. 
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Genus L eptothcn-ax Mayr 
4. L. curvispinosus Mayr. l;l 9 -Ames. 
Fairly common; the nests are small and obscure. Several colonies 
were found nesting in dried, hollow stalks. 
5. L . curvispinosus subsp. ambiguus Wheeler. l;l -Ames. 
Much rarer than curvispinosus s. str.; known only from individual 
workers caught in sweeping. 
6. L. fortinodis Mayr var. melanoticus Wheeler. l;l -Clinton. 
A few workers were found crawling on trees along a small stream. 
Genus Cremastogaster Lund 
7. C. lineolata Say. l;l 9 ~ -Ames, Clinton, Van Buren County. 
Fairly common; nesting under rocks and logs. Some of the colonies 
are very populous. 
Genus Solenopsis Westwood 
8. S. molesta Say. l;l 9 ~ -Ames, Clinton. 
Common; often nesting apparently far from other ants as well as in 
the more preferred location near them. 
Genus Monomorium Mayr 
9. M. pharaonis Linn. l;l -Ames. 
A few workers were taken in the Science building at Iowa State Col-
lege where they are a pest on cabinet specimens. 
Genus Strumigenys F. Smith 
Subgenus Cephaloxys F. Smith 
10. S. (C.) clypeata Roger. l;l 9 -Ames. 
Apparently the rarest of ants near Ames. One winged female found 
crawling beside a pathway on the Campus and one worker found under 
a stone are all that I have been able to secure. 
Genus Pheidole Westwood 
11. P. vinelandica Forel. l;l -Ames, Clinton. 
Common; it prefers to nest in open woodland under stones. It is quite 
common in town under sidewalks. 
12. P. pilifera Roger. l;l 9-Ames. 
Less common than the preceding species. It nests in small crater nests 
in the ground and can be found only rarely under stones. 
Genus Myrmica Latreille 
13. M. scabrinodis Nylander var. schencki Emery. l;l 9 -Ames, Clinton. 
Common; nesting under stones and in small crater nests in open 
woodland. 
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Genus Aphaenogaster Mayr 
14. A. tennesseensis Mayr. ~ ~ ~-Ames, Clinton. 
Common; nesting in rotten tree trunks and logs. I have only once 
taken it in a double nest with A. fulva Roger subsp. aquia Buckley, its 
temporary host. 
15. A. fulva Roger subsp. aquia Buckley. ~ ~-Ames. 
Common; nesting in the ground under rocks and logs unlike A. te.n-
nesseensis. 
16. A. fulva subsp. aquia var. picea Emery. ~ ~-Ames, Clinton. 
A darker, smaller variety of the preceding species. 
SUBFAMILY DOLICHODERINAE 
Genus Dorymyrmex Mayr 
17. D. pyramicus Roger var. niger Pergande. ~-Ames. 
Common on open grassy hills where the grasses and other plants are 
much like those of the original virgin prairie but not found elsewhere. 
Genus Tapinoma Forster 
18. T. sessile Say. ~ ~-Ames. 
Common; nesting in any available cavity under bark, leaves, rocks, 
logs, etc. 
SUBFAMILY FORMICINAE 
Genus Prenolepis Mayr 
19. P. imparis Say. ~ ~ ~-Ames, Clinton. 
Common, but rarely seen except in early spring and late summer and 
fall. Its crater nests are most numerous in deep woods. 
Subgenus Nylanderia Emery 
20. P. (N.) parvula Mayr. ~ ~ ~-Ames, Clinton. 
Rather rare, nesting under stones in dry, sunny situations. 
Genus Lasius Fabricius 
21. L. niger Linn. var. neoniger Emery. ~ ~ ~-Ames, Clinton, Thomp-
son. 
This variety of L. niger seems to be even more numerous than ameri-
canus around Ames. Almost all of my specimens have proved to be 
neoniger. 
22. L. niger Linn. subsp. alienus Forster var. americanus Emery. ~ ~ -
Ames. 
While not as common as neoniger near Ames, americanus is probably 
very common over most of the state. 
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Subgenus Formicina Shuckard 
23. L. (F.) umbratus Nylander subsp. mixtus Nylander var. aphidicola 
Walsh. !;l ~ g -Ames, Clinton. 
Fairly common; it nests under logs and stumps buried deep in moist 
soil. 
24. L. (F.) umbratus subsp. minutus Emery. !;l -Ames. 
Rare; I have taken only one colony which was nesting under a deeply 
buried stone in damp soil. 
Subgenus Acanthomyops Mayr 
25. L. (A.) interjectus Mayr. !;l ~ g -Ames. 
The most common hypogaeic ant near Ames. One colony, nesting 
under the cement floor of a warm basement in Ames, carried on wedding 
flights during the month of January, 1939. 
26. L. (A.) latipes Walsh. Beta-form ~-Ames, Clinton. 
I have never taken the workers of this species and know it only from 
several of these peculiarly formed females found crawling about after 
their wedding flight. 
27. L. (A.) claviger Roger. !;l ~-Ames. 
Fairly common, nesting as interjectus does under rocks and logs 
buried deep in damp soil. 
Genus Formica Linn. 
28. F. fusca Linn. var. subsericea Say. !;l ~ g-Ames, Jewell, Clinton, 
Van Buren County. 
Common; prefers to nest in lawns and open woodlands. 
29. F. truncicola Nylander subsp. obscuriventris Mayr var. gymnomma 
Wheeler. !;l -Ames, Red Oak. 
Evidently very rare. I have been unable to take this ant myself and 
all my specimens are from old unidentified material in the College col-
lection. 
30. F. sanguinea Latreille subsp. rubicunda Emery. !;l ~-Ames. 
This subspecies of F. sanguinea is the more common one in wood-
lands. It is rare within city limits. 
31. F. sanguinea subsp. rubicunda Emery var. sublucida Wheeler. !;l -
Ames. 
Apparently very rare. I have only two old specimens from the Col-
lege collection which I can assign to this variety. 
32. F. sanguinea subsp. subintegra Emery. !;l -Ames. 
Fairly common for a slavemaker within the city of Ames. It is rare, 
however, in woodlands. 
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33. F. cinerea Mayr var. neocinerea Wheeler. ~-Ames, Jewell. 
This ant was found nesting commonly in the tops of boggy hummocks 
around the shores of Goose Lake and Little Wall Lake near Jewell and 
also rarely in lawns at Ames. 
Subgenus Proformica Ruzsky 
34. F. (P.) neogagates Emery. ~-Ames. 
Common in lawns at Ames; I have never taken it outside the city 
limits, however. 
35. F. (P.) neogagates subsp. lasioides Emery. ~-Ames. 
Apparently very rare. I know this species only from old College 
material. 
36. F. (P.) neogagates subsp. lasioides var. vetula Wheeler. ~ 9 -Ames. 
More common than the preceding form but still rare; it nests under 
stones in open woodlands. 
Subgenus Neaformica Wheeler 
37. F. (N.) pallide-fulva Latreille subsp. schaufussi Mayr var. incerta 
Emery. ~-Ames, Clinton. 
Rather rare, nesting under stones and in crater nests in open prairie. 
38. F. (N.) pallide-fulva subsp. nitidiventris Emery. ~-Ames. 
The rarest of our three forms of N eoformica, near Ames at least. 
39. F. (N.) pallide-fulva subsp. nitidiventris var. fuscata Emery. 
~ 9-Ames. 
Common; nests under stones and logs in open woodlands and prairies. 
It is also fairly common in lawns in Ames. 
Genus Polyergus Latreille 
40. P. rufescens Latreille subsp. lucidus Mayr. ~ 9 -Ames. 
Fairly common for a slavemaker in the lawns of Ames. I have not 
taken it outside city limits, however. Colonies of this species have been 
observed but not taken at Clinton and Davenport also. 
Genus Camponotus Mayr 
41. C. herculeanus Linn. var. pennsylvanicus DeGeer. ~ 9 ~-Ames, 
Clinton, Van Buren County. 
Common; it nests with equal facility in live trees as well as stumps, 
logs, and sometimes frame houses. 
42. C. herculeanus subsp. ligniperdus Latreille var. noveboracensis 
Fitch. ~ 9 -Ames, Clermont. 
Rare near Ames, nesting in the same situations as pennsylvanicus. 
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43. C. castaneus Latreille subsp. americanus Mayr. l;l !i? ~ -Ames, Clin-
ton. 
Fairly common; usually nests under stones or logs in the ground 
rather than in wood like herculeanus. 
44. C. caryae Fitch. l;l !i? ~ -Ames. 
Rare; nests in dead branches. 
45. C. caryae subsp. discolor Buckley. l;l -Ames. 
Rare; nests in the same situations as caryae s. str. 
46. C. caryae subsp. discolor var. clarithorax Emery. l;l -Ames. 
Rare, a darker variety of the preceding subspecies. 
47. C. caryae var. minutus Emery. l;l -Ames. 
Rare; this variety as well as caryae subsp. discolor was determined 
from old material in the College collection. 
48. C. caryae subsp. subbarbatus Emery. l;l !i?-Ames. 
Rare; I have taken only one colony of this species. They were nesting 
in rather damp ground in open woodland underneath an old board. 
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THE QUANTITATIVE SPECTROSCOPIC ANALYSIS OF SOILS 
G.W. Fox AND R. A. Goonwnf 
From the Physics Department, Iowa State College 
Received October 4, 1940 
The spectrochemical method has been applied to a wide variety of 
problems and materials. However, only a few investigations have been 
made on soils or soil solutions. Flint (2) has reported on the application 
of spectrographic analysis to agricultural chemistry but does not give 
specific information regarding the analyses. 
Lundegardh (7) has determined Ca, Mg, K, Na, and Fe in various 
soil extracts by means of their flame spectra. The flame technique was 
also used by Mitchell (9) for the determination of Ca, Mg, Na, Fe, Mn, 
K, Sr, and Li in soil solutions. 
Milbourn (8) has analyzed soils as a dry powder. His method of 
analysis involved the use of a 7.5 ampere carbon arc, with arc gap of .75 
mm., and synthetic samples which were prepared by adding a solution of 
re-crystallized borax to a mixture of two parts silica and one part alumina. 
Oertel (10) investigated the possibilities of spectrographic analysis 
of soils using a condensed spark as the spectroscopic source. He con-
cluded, using the internal standard method (3) and the ratio quantitative 
system (6), that the minor constituents of the soil could be determined 
independently of varying amounts of the major constituents. 
Other works of interest to the soil spectroscopist are those of Rusoff, 
Rogers, and Gaddum (11) on the determination of copper in wire grasses, 
of Brunstetter, Myers, Wilkens, and Hein (1) who analyzed some 436 
samples of grasses and legumes spectrographically, of Scribner (12) on 
the detection of rare earths in plants, and of Konishi and Tsuge (4) on 
the mineral contents of certain leguminous crops. 
In this investigation an attempt has been made to analyze soils and 
soil solutions using a direct current carbon arc as the spectroscopic 
source by the use of the method of internal standards (3). 
SPECTROSCOPIC EQUIPMENT AND PROCEDURE 
The instrument used was a Bausch and Lomb medium quartz spectro-
graph in which the entire spectrum from 7000 A to 2100 A is photographed 
on a single plate 10 inches long. 
The spectrographic carbons were manufactured by the Dow Chemical 
Co. and fulfilled the highest standards of purity. The rods were cut at 
right angles to their length, the ends made flat and smooth and the corners 
rounded off with a file. Spectroscopic examination of the electrodes after 
this treatment failed to show any contamination. Some electrodes had a 
1 Now at Kansas State College, Fort Hays, Kansas 
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small depression hollowed by a lathe tool into which dry samples could 
be packed. 
The arc was excited by a 500 volt storage battery with sufficient ad-
justable ballast to vary the arc current from 2 to 10 amperes. An arc gap 
of 1 mm. and a current of 4.8 amperes was adopted as standard for the dry 
samples and a gap of .85 mm. and 2.5 amperes for the solutions. 
The photographic densities of the spectral lines were measured by a 
modified Moll type microphotometer, only the optical system of which 
was used. Instead of recording the galvanometer deflections photo-
graphically they were read directly on a wall scale. Most of the lines 
examined were in regions where background was a minimum and no at-
tempt was made to correct for it. 
Wratten and Wainwright panchromatic plates were used throughout 
the investigation. These were developed in one part fresh Eastman D-72 
stock solution and two parts of water at 18°C. 
The test element lines were of such intensities that all the analyses 
could be made from a single exposure without a condensing lens except 
in the case of silicon. The intensities of most of the available lines were 
measured and working curves for each pair of lines of interest were pre-
pared. By a working curve is meant a graph in which the log ratio of 
intensity of a test element line to the intensity of an internal standard line 
is plotted against log percentage composition of the test element. The 
percentage composition of a test element in the unknown is read directly 
from the working curve after the log ratio of two corresponding lines has 
been determined. 
ANALYSES OF POWDERS 
Several months were spent investigating the technique for analyzing 
the soil as a dry powder. In contradiction to the statements of Oertel (10), 
preliminary examination indicated that variation in the relative amounts 
of silica and alumina in the samples was markedly affecting the spectra 
of the minor constituents, therefore, it appeared advisable to determine 
the relative amounts of silica and alumina in a soil before attempting an 
analysis of the minor constituents. Considerable difficulty was experi-
enced in preparing samples in which the silica was uniformly distributed 
but, after trying a number of schemes which failed, the following proved 
satisfactory. A sample of pure crystalline quartz was carefully ground 
and pulverized, and then shaken up in distilled water. After one hour, the 
liquid was decanted and, upon evaporation of the liquid to dryness, the 
residue furnished a supply of very finely divided silica which was used 
in the preparation of various synthetic soil mixtures. 
Samples were prepared which contained from 0.1 to 2.0 per cent silica 
and appropriate amounts of other soil constituents. The matrix, which 
constituted more than 97 per cent of the total weight of each sample, was 
very pure Sr (NOa) 2. 
A known weight of Sr (N03 ) 2 was added to a sample of actual soil 
from which the organic matter had been removed so that the estimated 
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silica content would lie within the range covered by the synthetic mix-
tures. Sn and Zn were used as internal standards. 
Repeated analyses were made on the same soil sample. For these, 
15 mgm. samples were placed in a drilled depression in the positive elec-
trode. The data showed that, when Sn was used as the internal standard, 
the silica and alumina determinations agreed within 15 to 20 per cent. In 
some cases, the agreement was within 10 per cent for four determinations. 
However, even with the utmost of care, divergent results occurred too 
frequently to say that the method could insure even 20 per cent accuracy 
for a single determination. 
ANALYSIS OF SOLUTIONS 
The soil solutions were prepared as follows: A known weight of dry 
soil, about 15 grams, was placed in 500 cc. of solvent-water, dilute HCL or 
NH40H. The mixture was kept at room temperature and stirred fre-
quently for 24 hours. After being filtered, the solution was evaporated 
to a volume less than 100 cc. and 3.75 grams of very pure NaN02 dis-
--
--
TABLE 1. Lines used and range of concentrations covered in the analysis 
of soil solutions 
Spectral lines 
Element Mo Range of analysis 
test 
Element A A Percentages 
Si 2881 3112 .00005- .008 
Si 2881 3132 .0003 - .01 
Si I 2881 3170 .0003 -.01 
Al I 3092 3112 .0005 -.04 
Al 3092 3170 .001 -.50 
Al 3092 3132 .001 -.50 
Al 3944 3903 .01 -.30 
Al 3961 3903 .01 -.30 
Fe 3020 3112 .0001 -.01 
Fe 3020 3132 .001 - .10 
Fe 3020 3170 .001 -.10 
K 3217 3132 I .001 - .10 
K 3217 3170 I .001 - .10 
Ca 3933 3903 .0001 - .15 
Mg 2795 3132 .00010-.10 
Mg 2795 3170 .0001 -.10 
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solved in it. Finally, 5 cc. of ammonium molybdate solution, containing 
0.2 per cent Mo, was added and the volume adjusted to 100 cc. by the 
addition of distilled water. 
Several series of standard solutions were then made in which the 
percentage composition of the test elements to be determined was varied 
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over a wide range while sufficient Na and Mo were added to make their 
concentration the same in these solutions as in the soil solutions described. 
A drop of the solution to be analyzed was transferred to the end of a 
carbon test electrode by means of a glass rod and the electrode dried 
quickly in an oven after which the impregnated carbon was excited as 
the positive arc electrode. 
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The lines used and the range of concentration of the elements quanti-
tatively determined are shown in table 1. 
RESULTS AND DISCUSSION 
Working curves were made for the quantitative determination of Si, 
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Fe, Mg, K, and Ca and representative ones for Si and Fe are shown in 
figures 1 and 2. 
The range of analyses as shown in table 1 does not in any sense indi-
cate the upper or lower limit of the use of the spectroscopic method. 
They indicate only the range investigated by the writers. 
Although the method of analysis here utilized has been successful in 
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the determination of certain elements in soil solutions, it has several objec-
tionable features. In the case of Si, Al, Fe, Mg, K, and Ca the accuracy 
is between 10 and 15 per cent. Greater accuracy than this might be at-
tained if the technique were applied to the routine analysis of soil solu-
tions but the 10 to 15 per cent accuracy is a tolerable figure for a method 
using a direct current arc. 
In its present state of development, the technique herein described 
is incomplete in several respects. A more thorough investigation of the 
effect of organic matter upon the analyses is needed. Also, a study should 
be made of the effects of the addition of a large excess of some element 
with a low ionization potential to the sample as recommended by Langs-
troth and McRae (5) to stabilize the arc. Such additions may have an 
undesirable effect upon the limits of detection of the various elements. 
The analysis of soil solutions should be no more complicated than 
the analysis of any complex solution, though it is true that many spectral 
lines of the soil elements lie in a region not available in a method using 
a de carbon arc. The cyanogen bands obliterate a large portion of the 
region between 3800 A and 4200 A. This difficulty could be minimized 
by using a different method of excitation such as the high voltage ac 
arc which at present seems to be the favorite in industrial work. Further 
work on soil analysis is in progress with this type of source. 
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I. USE OF TRIBOLIUM CONFUSUM AS A VECTOR; 
LIMITATION OF THE AMOUNT OF FOOD 
Among the results on the effects of intestinal parasites of starvation 
of the host is that reported by Levine (35) , who observed that the num-
ber of discharged segments of the poultry cestode Davainea proglottina 
was decreased for a period of a week following 24 hours of starvation of 
the hosts. On the other hand, Hegner and Eskbridge (26) kept six rats 
showing infections with intestinal trichomonads without food for eight 
days, and, at the end of this period, all the hosts were still infected and 
four of the infections were considered heavy. 
In the investigation here reported, fifteen young rats of the Wistar A 
inbred strain2 were placed in separate cages of hardware cloth and sup-
plied freely with water and a ration made up as follows: beet sugar, 63 
per cent; casein8 , 15 per cent; Celluflour, 3 per cent; complete salt mix-
ture4, 4 per cent; cod liver oil, 2 per cent; lard, 3 per cent; Fleischmann's 
yeast, 10 per cent. 
After a preliminary examination of the pellets in which no tapeworm 
eggs were found, the animals were fed cysticercoids of Hymenolepis 
diminuta through the use of the flour beetle Tribolium confusum as a 
vector. Gravid proglottids from the posterior portion of rat tapeworms 
were mashed with a small amount of wheat middlings and furnished as 
food to confused flour beetles. After a period of three weeks to permit 
the development of cysticercoids in the intermediate hosts, the heads 
were removed from the beetles thus exposed to infection and both bodies 
and heads of about a dozen beetles added to the food of each rat. In order 
to insure prompt ingestion of the vectors, rats were deprived of food for 
a half day, then given only a small amount of food containing the dead 
beetles. 
Fifteen days after the feeding of the intermediate hosts, enameled 
pans were placed under the cages. The one-half inch mesh of the hard-
ware cloth used for the floors of the cages permitted the rat pellets to drop 
1 This series of papers is a part of Doctoral thesis No. 513 deposited in the Iowa 
State College Library, Ames, Iowa. 
2 Obtained from the Foods and Nutrition Laboratory of the Home Economics 
Division of the Iowa State College. 
' Vitamin-free casein obtained from Casein Company of America, New York. 
•Complete inorganic salt mixture obtained from Harris Laboratory, Tuckahoe, 
New York. 
[127] 
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through and be caught in the pans containing half an inch of water in 
which was dissolved a small amount of trisodium phosphate which soft-
ened the pellets somewhat and retarded bacterial growth. Every two 
days the pans were removed and replaced by clean ones, and the contents 
of each pan, containing the entire number of pellets for the preceding 
two days, were examined for tapeworm eggs. Three of the fifteen rats did 
not show eggs in the droppings by the thirtieth day and were considered 
to be uninfected and were not used further. The other twelve began to 
eliminate eggs within 17 to 24 days after ingestion of the cyticercoids. 
The collected pellets were broken up and the material from each pan 
was thoroughly mixed with an electric beater and diluted with water to 
one liter. This suspension was then poured from one container to another 
to insure, insofar as possible, a homogeneous mixture. Immediately a 
small sample was poured off and thoroughly mixed; from it a small 
amount of fluid was drawn into a pipette fitted with a rubber bulb, and 
dropped into a mold counting chamber of known volume. The entire area 
of the counting chamber was examined and the number of eggs present 
determined, from which the number of eggs in the entire liter of material, 
and the number eliminated by each rat each day, could be calculated. 
Collections of material and counts of tapeworm eggs were made 
every other day for each rat during the course of the experiment. 
For 29 days the young rats had free access to the diet described above 
while determinations of the numbers of eggs being passed were made 
every two days. For the last week of this period the weight of the food 
eaten each day by each rat was determined. One-half of this average daily 
intake was given to each of six experimental rats (designated in this study 
as D2, D3, D4, D8, DlO, and Dl2) each day for the next two weeks, while 
the other six control rats (D5, D6, D7, Dl3, D14, and Dl5) were given the 
same ration but in any desired amount. The weight of the feed eaten by 
these control animals was determned each day. From the sixth to the 
ninth week, each experimental animal was given only one-third the aver-
age amount of the feed eaten by the control animals during the preceding 
week. At the ninth week the groups were reversed in treatment; rats 
D2, D3, D4, D8, DlO, and D12 being given food ad libitum and the other six 
allowed only one-third the average amount eaten by the control animals. 
This procedure was continued for three weeks when the experiment was 
terminated. 
RESULTS 
When the diet was limited in amount as described above, the rats lost 
weight but maintained a general appearance of health. The egg counts 
during the periods of partial starvation did not decline appreciably. 
Figure 1 illustrates typical weight and egg count variations for two 
rats, Dl2 and D15, one in each of the two groups described above. The 
variations in the total numbers of eggs eliminated by rats of the two 
groups are graphically represented in figure 2. 
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Fig. 1. Variations in body weight and numbers of eggs eliminated for rats D12 
and DIS with free and limited food intake. 
DISCUSSION 
A rather thorough search of the literature has not revealed that the 
confused fl.our beetle Tribolium confusum has ever before been recorded 
as a natural or experimental host for the rat tapeworm Hymenolepis 
diminuta (5, 6, 20, 21, 22, 23, 24, 28, 29, 30, 31, 32, 37, 38, 39, 43, 47, 48). 
It is not surprising, however that the cysticercoid should be able to de-
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Fig. 2. Comparison of the total number of tapeworm eggs eliminated daily by 
the group of rats D2, D3, D4, DS, DlO and D12, and the group D5, D6, D7, D13, 
D14 and D15, with free and limited food intake. 
velop in this insect, since it is known to occur in a large number of arth-
ropods and has been reported for the allied species Tribolium castaneum 
(28, 29). 
In the present investigation only the adult beetles were used as vec-
tors. Because of the grain-infesting habit of this insect, it seems probable 
that it might serve as a natural as well as an experimental host. The sue-
t 
' 
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cessful infecting of rats by means of confused flour beetles three weeks 
after the ingestion of eggs by the insects, suggests that the time required 
for the development of the cysticercoid in this host is comparable to that 
found by Joyeux to obtain in other hosts (31). 
It is evident from the graphic representations of results that there 
is a considerable day to day variation in the number of eggs present in the 
fecal material. This is not unexpected, since varying numbers of segments 
are separated from the major part of the worm from time to time and the 
parenchyma partially digested. This day to day variation made it neces-
sary that egg counts should be continued for each rat over a fairly long 
period of time and that the general trend of the counts should be consid-
ered rather than that an attempt should be made to account for each 
rise or fall. 
It may be noted that a high initial production of eggs is characteristic 
of Hymenolepis diminuta infections in the rat. There follows more or less 
of a leveling off with somewhat lower counts. Although it may be possible 
that this is due to the development of some immunity on the part of the 
host, it is questionable whether this can be considered to be the case 
with such a parasite as Hymenolepis dimiuuta which lives in the lumen 
and is not a tissue dweller. Furthermore, there is no evidence of a con-
tinuous development of immunity since the numbers of eggs eliminated 
did not continue to decline beyond the first week or two of the infection. 
CONCLUSIONS 
1. The adult flour beetle Tribolium confusum may serve as a vector 
for the rat tapeworm Hymenolepis diminuta. 
2. The cysticercoids developing in the flour beetle are infective to 
the rat after approximately three weeks in the intermediate host. 
3. Partial starvation of the host by restriction of the food intake to 
one-third the normal amount does not cause a decrease in the numbers of 
tapeworm eggs eliminated. 
4. A high initial egg production is characteristic of Hymenolepis 
diminuta infections in the rat, followed by a more constant rate of de-
velopment at a somewhat lower level. 
II. DEFICIENCY OF VITAMINS B, AND G 
A differentiatial effect on intestinal parasites of a diet high in yeast 
has been reported by Hegner (25) who found that such a diet fed to rats 
resulted in an increase in the numbers of Trichomonas muris and Hexami-
tus muris, but in a decrease in the numbers of Giardia muris. Allen (3) 
reported that chickens harboring Eimeria tenella eliminated fewer oocysts 
for the first five days of the patent period when given a high protein, high 
vitamin diet than did chickens on a low protein, low vitamin diet. After 
the fifth day, however, the numbers eliminated by the former group be-
came and remained relatively higher and there was chronic coccidiosis. 
Becker and Morehouse (11) found that yeast appeared to contain a 
132 ANNE HAGER 
factor favorable to the growth of Eimeria miyairii in the rat, and that the 
numbers of oocysts were greatly reduced when there was a deciency of 
vitamins B1 and G (14) . Deficiency of vitamin B 1 alone did not appear 
to alter the number of oocysts developed, but the vitamin G deficient rats 
eliminated significantly fewer oocysts than their controls. There was not, 
however, so great a reduction as in those receiving neither vitamin (12). 
Later the same authors (13) stated that the factor which promoted growth 
in coccidia appeared to be linked with the vitamin G complex since wheat 
germ and other substances furnished it as well as yeast. Liver as a source 
of the vitamin did not favor the parasite (15). More recently (17) they 
reported that rats eliminated fewer oocysts when rice polishings, pow-
dered liver or skim milk, in that order, were used as a source of vitamin 
G, than when the vitamin was supplied by yeast. Vitamin G or some fac-
tor associated with it was considered by Becker and Derbyshire to pro-
mote growth of coccidia (18, 19). 
The effects of dietary modications on helminth parasites also have 
received attention. Vitamin B 1 was reported by Zimmerman, Vincent and 
Ackert ( 49) to be a factor in the resistance of chickens to Ascaridia 
lineata. The worms in the intestines of the chickens on a diet deficient in 
vitamin B1 , but adequate in other respects, were larger and more numer-
ous than those in chicks of the same age receiving an adequate diet. 
Ackert and Nolf (1) suggested that yeast may contain a factor favoring 
the growth of Ascaridia lineata in chickens. Ackert (2), however, did 
not indicate that there is any evidence that this nematode requires vitamin 
B 1, and, with Beach (8), was not able to demonstrate the presence in 
yeast of any special growth factor for this parasite. 
DEFICIENCY OF VITAMINS' Bi AND G 
For the investigation here described, in order to observe the effect 
upon the tapeworm Hymenolepis diminuta of a diet deficient in both vita-
mins B1 and G, four young rats (designated as Al, A2, A3, and A4) were 
parasitized with this cestode in the manner described in Part I; they 
were maintained on the same control diet and the counts of eggs eliminated 
per day by each animal were obtained in the same way. 
After egg counts had been made for a control period, two of the rats 
were given a ration similar to that described before, but with yeast omitted 
and ten per cent more sugar. This diet is comparable to those frequently 
used for vitamins B 1 and G deficiency. On this diet the rats declined 
rapidly both in weight and in general appearance of health, and the num-
bers of worm eggs also declined, disappearing completely from the drop-
pings of one of the hosts. After being restored to the control diet, the 
rats improved in weight and appearance and the numbers of eliminated 
eggs mounted. When the other two rats were given the deficient diet, 
eggs disappeared from the droppings of both and no tapeworms could 
be found in the intestines at autopsy. 
The results obtained for the rat designated as A2 may be taken as an 
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Fig. 3. Variations in the numbers of tapeworm eggs eliminated daily by rat A2 
alternately on a control diet and one lacking in vitamins B1 and G. 
example and are represented in figure 3. This host was first maintained 
on the control diet, then on the experimental ration, restored to the con-
trol diet for a time, and then again given the ration lacking in yeast. The 
variations in the egg counts and in the body weight of the host are indi-
cated in the figure. 
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Deficiency in V itamin B1 . In order to observe the effects of a diet de-
ficient only in vitamin B i, four young rats harboring rat tapeworms were 
maintained on the control diet described in the foregoing account for a 
preliminary period of 45 days, during which egg counts were made every 
two days. Three of the four were then given a ration similar in all re-
spects to the control diet except that the yeast used had been autoclaved 
for two hours at 120°C. This diet is not adequate for vitamin B1• Because 
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Fig. 4. Variations in body weight and numbers of tapeworm eggs eliminated 
daily by rat D16 on a control diet and by rat D20, alternately on a control and a 
vitamin B1 deficient diet. 
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the numbers of eggs passed were maintained at the previous level for two 
of these experimental rats, but declined somewhat in one case, it was 
considered desirable to try the effect of this diet a second time. 
Seven young rats were fed fl.our beetles exposed to infection with 
Hymenolepis diminuta in the manner described. In the droppings of all 
but one, eggs were found in from 19 to 23 days. The six young infected 
rats were fed the control diet containing unautoclaved yeast, and deter-
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Fig. 5. Comparison of the total numbers of tapeworm eggs eliminated by rats 
D16, D17 and D18 maintained on a control diet and by rats D20, D21 and D22 main-
tained alternately on a control and a vitamin B1 deficient diet. 
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minations of the numbers of eggs eliminatd were made for a control 
period of 45 days. At that time the three rats, D20, D21 and D22 were 
given the diet in which the autoclaved yeast was substituted, whereas the 
other three, D16, Dl 7 and Dl8 were continued on the control diet. 
The animals on the experimental diet ceased making normal gains 
and after several weeks fell off sharply in body weight. There was, how-
ever, no marked decreased in the numbers of eggs eliminated during this 
time as compared to those passed during the 45-day control period. 
On the eighty-fourth day, one of the experimental animals, D20, was 
restored to the control diet. This animal made gains in weight, but did 
not show a notable increase in the numbers of worm eggs passed. 
The variations in the weights and numbers of eliminated eggs for the 
two rats Dl6 and D20 are shown in figure 4. Rat Dl6 was maintained 
continuously on the control diet; rat D20 was shifted to the diet deficient 
in vitamin B 1 and then again to the control ration. 
The total numbers of eggs eliminated by rats D16, Dl 7 and Dl8 are 
compared graphically with those passed by rats D20, D21 and D22 in fig-
ure 5. Until the forty-fifth day, rats in both groups were given the same 
diet, the control ration containing unautoclaved yeast. At that time, auto-
claved yeast replaced the unautoclaved for one group. This graphic rep-
resentation is continued only until the eighty-third day, although egg 
counts were made for an additional two weeks, because after that day the 
three rats D20, D21 and D22 could not be grouped together, as D20 was 
again given the control ration. 
Effects of a Diet Deficient in Vitamin G. Eight young male rats were 
fed flour beetles which had been given gravid proglottids of Hymenolepis 
diminuta and all eight became infected. They were maintained on the 
same control diet, containing unautoclaved yeast, described above. After 
a month, during which the numbers of eggs being passed daily by each 
rat were determined, four of the rats, Cl, C2, C3 and C4, were transferred 
to the diet containing no yeast, and consequently deficient in both vitamins 
B1 and G. Vitamin B1 was supplied by the daily administration of four 
drops of tiki tiki5 to each experimental rat. This was readily taken from 
a pipette by those animals whose diet lacked yeast. 
The rats on the experimental diet lost weight although they continued 
to eat fairly well. The skin became coarse; the hair, matted and unkempt. 
On the one hundred thirty-ninth day of the infection, two of the experi-
mental rats were again given the control diet. These animals regained 
weight and a general appearance of health and tidiness. 
The numbers of eggs passed by rats maintained on the vitamin G defi-
cient diet were greatly decreased. Typical results are presented graphic-
ally in figure 6. Rat Cl was fed the control ration for the first month of the 
infection, transferred to the experimental food for three and a half 
months and again placed on the control ration for a month. Rat C4 was 
transferred to the experimental ration for the duration of the experiment 
' Obtained from the Bureau of Science, Manila, Philippine Islands. 
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Fig. 6. Variations in body weight and numbers of tapeworm eggs eliminated 
daily for rats Cl, C4 and C7 on vitamin G deficient and control diets. 
after being given the control ration for the first month of infection. Rat 
C7 was maintained for the entire period on the control diet. Both the egg 
counts and the body weights of the hosts are represented in the figure. 
Figure 7 compares graphically the total numbers of eggs passed by 
rats Cl, C2, C3 and C4 which were transferred to the experimental diet, 
and those eliminated by rats C5, C6, C7, and C8 which continued on the 
control diet. The figure indicates the course of the infection from the first 
to the one hundred thirty-ninth day. 
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Fig. 7. Comparison of the total numbers of tapeworm eggs eliminated by rats 
C5, C6, C7 and CS maintained on the control diet and by rats Cl, C2, C3 and C4 
given alternately a control and a vitamin G deficient diet. 
DISCUSSION 
That it is possible to influence the reproductive processes of the rat 
tapeworm by the diet of the host seems evidenced by the observations 
described. There appears to be some factor present in yeast which is re-
quired for maximum reproductivity of the rat tapeworm. The fact that 
the production of eggs did not decrease when the yeast had been auto-
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claved (see figures 4 and 5) suggests that this factor is not the labile vita-
min B 1 • The decline of reproductive power of the parasite when the host 
was maintained on a vitamin G deficient diet, however, indicates that it 
may be associated with the vitamin G complex from some sources. It 
cannot be stated that this factor is identical with vitamin G. 
It has been suggested to the author that the decrease in numbers of 
eggs eliminated might be merely a secondary result of the decreased 
amount of fecal material because of less residue from lowered food intake 
on the part of the host. However, since the rats were continually kept 
over pans so that all of the pellets passed were collected, and since the 
determinations were made, not on the basis of numbers of eggs per unit 
weight of feces, but on numbers of eggs eliminatd over a two-day period, 
it would seem that all the eggs produced would be accounted for, whether 
they occurred in a small number of hard pellets or in a larger number of 
bulky ones. 
Furthermore, this suggestion would not explain why egg counts de-
clined on the vitamin G deficient diet which was associated with loss of 
body weight on the part of the hosts, but were not decreased on the vita-
min B 1 deficient diet, also associated with decreased food intake and loss 
of weight. Nor would it account for the continued collection of large 
numbers of eggs when the food intake was limited to one-third the usual 
amount (see Part I). 
CONCLUSIONS 
1. It is possible to influence the numbers of eggs produced by the 
rat tapeworm Hymenolepis diminuta through modification of the host's 
diet. 
2. A diet deficient in both vitamins B 1 and G is associated with a de-
crease in egg output. 
3. This effect is apparently not due to the labile vitamin Bi, as a 
diet deficient in this vitamin is not associated with a lowered production 
of eggs. 
4. There appears to be a factor associated with the vitamin G com-
plex which is necessary for normal egg production by the rat tapeworm. 
A diet lacking in vitamin G does not furnish this factor. It is not main-
tained that the factor is identical wtih vitamin G. 
5. It is suggested that the effects of the various diets are probably 
produced directly upon the parasite rather than indirectly through effects 
on the hosts, since certain diets detrimental to the hosts are not associated 
with lowered egg production on the part of the parasite, whereas other 
diets appear to be deleterious to both host and parasite. 
III. MILK, SOY BEAN OIL MEAL, WHEAT MIDDLINGS 
The maintenance of rats harboring Giardia muris, Trichomonas muris 
and Hexamitus muris upon an exclusive milk diet was reported by 
Hegner (25) to be associated with a decrease in the incidence of all three 
forms. Ratcliffe (41) found a reduction in the numbers of trichomonads 
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in the ceca of rats fed a diet high in protein in the form of casein. Ratcliffe 
noted also ( 42) that numbers of Trichomonas hominis and Pentatricho-
monas ardin delteili became lighter when the host rats were given a diet 
which increased intestinal acidity and still lighter on a high protein diet 
containing 56 per cent unpurified casein. The organisms were not elimi-
nated, however, by the use of this diet. In rats and in monkeys, Kessel 
(33) reported that an exclusive milk diet or neutral diets with lactic acid 
or large amounts of lactose added, produced a lowering of the pH of the 
colon contents and a decrease in the amoebae and trichomonads present. 
Kessel and K'E-Kang (34) fed an exclusive raw milk diet to monkeys 
and to children and observed that during that period there was almost 
always a reduction in the numbers of intestinal amoebae, and in some 
cases the intestine was cleared of Endamoebae dysenteriae and other 
forms. Infections of Balantidium coli from the pig were established in 
rats by Schumaker ( 45) . Within a week the infection was greatly re-
duced or eliminated from rats on a diet of whole milk. Diets high in casein 
prevented infection and eliminated heavy infections within eight days, but 
a high carbohydrate diet containing no casein was favorable for the de-
velopment of the parasite. 
Beach and Davis (7) found that chicks were given an appreciable 
protection against the effects of coccidiosis by being fed mash containing 
40 per cent dry skim milk and 20 per cent lactose. The effect was attrib-
uted by the authors to the greater acidity of the cecal contents. Their 
conclusions were drawn only from observations of the birds, and no 
counts of oocysts were made. 
Becker and Morehouse (10) did not find the addition of skim milk or 
of lactose to the diet of rats to exert any restraining influence upon the 
numerical increase of Eimeria miyairii, but when the diet was high in 
casein, the numbers of oocysts were somewhat reduced (14). Rats elimi-
nated fewer oocysts when skim milk was used as a source of vitamin G, 
than when the vitamin was supplied by yeast (17). 
Certain constituents of diets for chicks, particularly skim milk, butter-
milk and wheat middlings in certain amounts or combinations, were re-
ported by Becker (16) to increase the severity of Eimeria tenella infec-
tions in chicks. Becker and Derbyshire (18) found no correlation be-
tween the bulkiness of the ration and the number of oocysts of Eimeria 
miyairii eliminated by rats, nor between the growth of host and parasite 
development. They found the ratio of coccidium-growth-promoting sub-
stance in soy bean oil meal as compared to yeast to be 0.51; and in wheat 
flour middlings, 2.65 (19). 
Reports of relations of diets to cestode parasites are not numerous. 
Becker (9) gave only whole milk (plus copper sulfate and iron chloride 
for seven of the hosts) to 15 rats, all passing eggs of Hymenolepis nana, 
and kept on screen to prevent coprophagy. After five and one-half days, 
no eggs could be found by smear or flotation, nor were eggs passed subse-
quently during the 30 days that the rats were on a milk diet. After this 
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time the rats were again given a grain diet, and eggs reappeared in the 
feces of 11. No tapeworms were found in the others. Milk apparently 
produced a cessation of egg production by the parasite, but not death. 
THE EFFECTS OF AN EXCLUSIVE RAW MILK DIET 
In the investigation here reported, six young rats maintained on 
Steenbock's growing ration (yellow corn meal, 71 per cent; linseed oil 
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Fig. 8. Variations in body weight and numbers of tapeworm eggs eliminated 
daily for rat C12, on Steenbock's ration, and rat ClO, alternately on Steenbock's ration 
and milk. 
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Fig. 9. Comparison of the total numbers of tapeworm eggs eliminated daily by 
rats C12, C13 and C14 on Steenbock's ration and by rats C9, ClO and Cll, alternately 
on Steenbock's ration and milk. 
meal, 16 per cent; ground alfalfa, 2 per cent; sodium chloride, 0.5 per 
cent; calcium carbonate, 0.5 per cent; dried skim milk, 10 per cent) were 
fed infected flour beetles6 and all began to pass eggs of Hymenolepis 
diminuta in from 19 to 25 days. The numbers eliminated each day by 
each rat were determined. On the thirtieth day after the first occurrence 
• According to the method described in Part I. 
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Fig. 10. Total numbers of tapeworm eggs eliminated daily by the group of rats 
D2, D3 and D4; the Group DS, D6 •and D7; the group DS, DlO and D12, and the group 
D13, D14 and 15 maintained on diets containing soy bean oil meal or wheat middlings. 
of eggs in the pellets, three of the rats, C9, ClO and Cll, were taken off 
the growing ration and given only whole raw milk. The other three rats 
were maintained on the growing ration as before. Egg counts were made 
over a period of four months. On the one hundred thirty-fifth day of the 
infection, one rat, ClO, was restored to the growing ration, but rats C9 
and Cll were continued on milk. The egg counts for ClO, typical of the 
results for the experimental rats, and for Cl2, representative of the con-
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trols, are shown graphically in figure 8. The weight variations of the two 
rats are indicated in the same figure. 
Figure 9 shows a graphic comparison of total numbers of eggs elimi-
nated each day by the three experimental rats, C9, ClO and Cll, with 
those passed by the three controls, Cl2, Cl3 and C14, from the first to the 
one hundred thirty-fifth day. The three experimental rats cannot be 
grouped subsequent to that day, as they no longer all received the same 
diet. 
COMPARISON OF THE EFFECTS OF SOY BEAN OIL MEAL AND WHEAT 
MIDDLINGS IN THE DIET 
Twelve young rats harboring rat tapeworms were divided into two 
groups of six rats each. The rats in one group were given a modification 
of the control diet in which 10 per cent soy bean oil meal was substituted 
for the 10 per cent yeast; the other, a diet in which 30 per cent wheat 
middlings was substituted for the 10 per cent yeast and 20 per cent of 
the sugar. 
After 46 days on these rations, three of the rats in each group were 
shifted to the alternate diet; the other three were allowed to continue 
as before. 
The rats continued to gain on both rations at approximately the same 
rate. The numbers of eggs eliminated, however, were appreciably higher 
when the modified diet included wheat middlings than when soy bean 
oil meal was substituted, as may be seen in figure 10. This figure repre-
sents graphically the total numbers of eggs eliminated by rats D2, D3 
and D4 which were maintained on the soy bean oil meal diet for the 
course of the experiment, and the numbers passed by rats D5, D6 and D7 
which were first maintained on the soy bean oil meal ration and then 
shifted to that containing wheat middlings. Figure 3 also shows the total 
counts for D8, DlO and D12 on the wheat middlings diet, and for D13, 
Dl4 and D15 first on wheat middlings and then on soy bean oil meal. In 
this way comparisons may be made between the results obtained for 
those rats on each of the diets for the entire period of observation, and 
for those transferred from one diet to the other. 
CONCLUSIONS 
It has been previously suggested that there is some factor present in 
yeast and associated with the vitamin G complex which is necessary for 
maximum reproductivity of the rat tapeworm. (See Part II of this series.) 
Raw milk appears to furnish an insufficient amount of this factor to keep 
the worm at its maximum reproductive level; wheat middlings seem to 
furnish more than does soy bean oil meal, although this latter supplement 
does not lack it entirely. 
IV. OBSERVATIONS ON WORM BURDENS 
In the previous papers of this series7 , procedures were described in 
which the rat hosts were maintained on various diets (Steenbock's grow-
' Parts I, II, and III. 
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ing ration, raw milk, diets adequate and deficient in both vitamins Bi 
and G and in each of these vitamins separately, and diets containing soy 
bean oil meal or wheat middlings), and the effects on the reproductivity 
of the cestode parasite Hymenolepsis diminuta were noted. In the plan-
ning of these experiments it was considered necessary to have a control 
period for each rat so that during the experimental period its elimination 
of eggs could be compared to its previous record in that respect. The egg 
counts for one rat could not be directly compared with those from an-
other since there was no way of assuring that they should be infected 
with the same number of worms. 
When, at the conclusion of any of the investigations referred to above, 
the rats were killed with illuminating gas and the intestines opened, the 
tapeworms present were removed and counted. The parasites were al-
lowed to relax for one hour in cold water and then were measured. 
RELATION OF THE WORM BURDEN TO THE NUMBERS OF EGGS ELIMINATED 
For those rats (numbering 26 altogether) in the various experiments 
which were maintained on the ration designated as the control diet, for 
the first month of infection, it was possible at autopsy to obtain data on 
the relationship of the egg counts to the numbers of tapeworms harbored. 
There was revealed no direct correlation between the numbers of eggs 
found in the droppings and the worm burden, but rather it appeared that 
the number of eggs produced by a worm was influenced to some extent 
by the number of parasites present, so that a rat harboring a considerable 
number of worms might pass no more eggs than one harvoring only a few 
or even a single parasite, as shown in table 1. In this table, those rats 
found to have harbored the same number of parasites are grouped, and 
the average number of eggs eliminated per day by each rat during the 
first month of infection noted, together with the mean for each group. 
The average number of eggs produced per day for each worm was calcu-
lated and also appears in the table. During the period involved, all of 
these rats had similar adequate diets. 
These results are represented graphically in figure 11 which shows 
the average number of eggs passed per day per rat for each group harbor-
ing different numbers of parasites, and in figure 12, which represents the 
average number of eggs produced per day per worm for the same groups. 
RELATION OF THE WORM BURDEN TO THE LENGTHS OF WORMS HARBORED 
In table 2, all of the 32 rats used in the investigations previously 
described, regardless of diet before autopsy, are arranged in groups in 
an ascending series according to the numbers of tapeworms harbored. 
The average length of the parasites in each host is recorded, together 
with the diet which that host had been receiving prior to its death. The 
"control" diet is the adequate, complete food mixture described in Part I 
and designated as such throughout this series of papers; the diet indi-
cated as "Steenbock's" is Steenbock's growing ration (Part III) ; "milk" 
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TABLE 1· Mean numbers of tapeworm eggs eliminated per day per rat and per day per 
worm for rats on an adequate control diet, but harboring different numbers of parasites 
Nwnber Rat Average number of eggs (10') Average number of eggs 
of worms eliminated per day for first (10') per worm per day 
harbored month of infection 
1. DB 1777 1777 
1. C7 1439 1439 
1. Dl9 1246 1246 
1. D3 1233 1233 
1. D2 97B 97B 
1. D12 940 940 
1. C5 430 430 
(Mean: 1149) (Mean: 1149) 
2. D4 147B 739 
2. D5 1460 730 
2. D15 137B 6B9 
2. D16 12B4 642 
2. D13 994 497 
(Mean: 1319) (Mean: 659) 
3. D22 1359 453 
3. D17 7B2 294 
(Mean: 1070) (Mean: 373) 
4. D6 16B4 421 
4. CB 1520 3BO 
(Mean: 1602) (Mean: 400) 
5. D21 1735 347 
6. Cl 1B4B 30B 
7. DlO 1950 2BO 
7. D7 1715 245 
(Mean: 1B32) (Mean: 262) 
B. D14 lBOB 226 
10. C3 1790 179 
11. C4 1595 145 
12. DlB 1404 117 
14. C2 1694 121 
42. C6 672 16 
refers to an exclusive whole raw milk diet; "soy bean oil meal" and 
"wheat middlings", to the diets including these supplements (Part III). 
DISCUSSION 
For several reasons, it seems probable that all the worms harbored 
by any one rat were received at the same time. The infected beetles were 
kept in glass jars with tight screw caps to prevent their escape, and the 
immediate dropping of the rat pellets through the bottoms of the cages 
into the trisodium phosphate solution in the pans makes it unlikely that 
any other insects would have been accidentally infected. It might be 
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Fig. 11. Mean numbers of tapeworm eggs eliminated per day by rats harboring 
various numbers of worms. 
noted in this connection that from time to time uninfected rats were kept 
for considerable periods in the same laboratory and none of them were 
ever found to have become hosts for the rat tapeworm, although the 
droppings were examined periodically. Moreover, Palais (40) reports 
his inability to infect rats with additional rat tapeworms once an infection 
was established. On the other hand, no evidence was ever seen in the 
pans of spontaneous loss of a worm. Series of proglottids were sometimes 
2 3 4 5 G 7 a 10 t I I~ 14 4e 
NUMBER. OF WORM$ HARBOR.E.D 
Fig. 12. Mean numbers of eggs produced per worm per day by worms grouped 
according to the numbers of worms present. 
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present in the droppings, but these were always gravid proglottids from 
the posterior portion of the worm. It seems, therefore, that during the 
course of any investigation, there was no change in the number of worms 
present in any one host and that the variations in the egg counts represent 
actual variations in the numbers of eggs being developed rather than 
changes in the worm burden of the host. 
It was not possible to compare results on a per worm basis, since the 
numbers of eggs produced per worm are not the same for different 
severities of infection (see figure 12). Only the general trend of one egg 
count curve may legitimately be compared with that of another. 
Reference to table 1 and to figure 11 will show that there was little 
difference in the average numbers of eggs eliminated by rats harboring 
one, two or three tapeworms, and rats harboring from four to fourteen 
worms eliminated very nearly the same average numbers. A single 
helminth parasite of this type harbored in an intestine would seem to 
have optimum conditions for reproduction and the numbers of eggs 
developed by any worm decrease fairly regularly as the worm burden 
increases (see figure 12). 
Table 2 illustrates the tendency for the parasites to be smaller as the 
worm burden increases. When as many as 42 worms were harbored, 
some remained extremely small, and examination by microscope did not 
reveal any eggs whatever. Young and mature proglottids were present 
but no gravid segments, and the width of the worms was less than the 
width of corresponding portions of the larger worms. The differences 
in size of parasites as well as differences in the numbers of eggs produced 
in infections of differing severity might conceivably be due to competi-
tion for food or to crowding. If the decreased amount of food available 
for each parasite were the determining factor, it would be expected that 
limiting the food intake of the host would have shown similar results. 
Yet, reducing the amount of food ingested by the host to one-half or even 
to one-third the normal amount produced no apparent decrease in re-
productive rate or power (See Part I), whereas worms dwelling in an 
intestine with one other worm produced only 57 per cent (See table 1) 
as many eggs as those worms which were the sole residents. 
If the results observed be ascribed to crowding, the effects might 
have been produced by the actual pressure and lack of room for growth. 
Indeed, when many worms are harbored the intestine gives the impres-
sion of being so full of parasites as to be nearly obstructed. The decreased 
opportunity for absorption when many worms are crowded together 
may be a factor as may also a detrimental effect of the greater amount of 
excretory products present from 'the many parasites. 
A decrease in reproductive power associated with an increased parasite 
population has been noted by other investigators. Hill (27) reports a 
decrease in the number of eggs produced per hookworm as the number 
of worms harbored by the human host increased. In the case of the dog 
hookworm, Sarles ( 44) found a smaller egg production per worm in 
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TABLE 2. Mean lengths of tapeworms fO'Und in rats harboring different numbers 
of w orms 
-
- -
Number 
worms Rat Average length of Diet of host 
Present tapeworms (cm.) before death 
1 D20 92 Control 
1 D21 91 Soy bean oil meal 
1 cs 89 Control 
1 DB 88 Wheat middlings 
1 C7 78 Control 
1 D12 76 Wheat middlings 
1 D3 71 Soy bean oil meal 
(Mean: 83.6) 
2 D16 86.5 Control 
2 ClO 74 Steenbock's 
2 D15 71.5 Soy bean oil meal 
2 D13 69.5 Soy bean oil meal 
2 D4 58 Soy bean oil meal 
2 DS 53 Wheat middlings 
(Mean: 68.8) 
3 D17 93 Control 
3 D22 82 Vitamin B deficient 
3 en 64 Milk 
3 C14 59 Steenbock's 
(Mean: 74.5) 
4 D6 54.5 Wheat middlings 
4 cs 51.5 Control 
(Mean: 53) 
5 C13 57 Steenbock's 
5 D21 56 Vitamin B deficient 
(Mean: 56.5) 
6 Cl 43 Control 
7 DlO 47 Wheat middlings 
7 D7 44 Wheat middlings 
7 C9 41 Milk 
(Mean: 44) 
8 Dl4 36 Soy bean oil meal 
9 C12 38 Steenbock's 
10 C3 37.5 Vitamin G deficient 
11 C4 39 Vitamin G deficient 
12 D18 31.3 Control 
14 C2 38 Control 
42 C6 32 Control 
heavy infestations than in light ones, but the difference of size of worms 
in light and heavy infestations was slight as compared to the variation 
between those of similar severity of infection in different dogs. Andrews 
(4) reports that, as the population of the sheep nematode Cooperia curticei 
increased, the egg production per female worm was found to decrease. 
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In Hymenolepis fraterna infections in rats and mice, Shorb (46) found 
that after the eighth day the larger worms were present in the hosts 
having fewer parasites and he suggests that, as the worms grow, crowd-
ing becomes a factor in retarding growth. 
CONCLUSIONS 
1. There is no direct relationship between the number of rat tape-
worms harbored and the number of eggs eliminated daily by the rat host. 
2. There is an inverse relationship between the number of worms 
harbored by a rat and the average number of eggs produced by each 
worm, a fact possibly attributable to crowding. 
3. There is a tendency for tapeworms to be shorter when present 
in large numbers within a host than when present singly. 
4. When large numbers of worms are harbored, some of the worms 
may fail to develop gravid proglottids and to produce eggs. 
5. Spontaneous loss of the tapeworm Hymenolepis diminuta does 
not occur readily from the rat. 
1 Conclusions for Parts I, II, and III will be found on pages 131, 139 and 144 
respectively. 
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Recognition of the importance of sustained yield in fur has stimu-
lated the wildlife manager to develop methods of estimating the extent 
of this resource. Information has been obtained only by alert and con-
tinued observations, supplemented by seasonal survey and a well-planned 
census, or inventory. 
In response to demands for increased knowledge of the widely dis-
tributed red fox (Vulpes regalis) and striped skunk (Mephitis m. avia) 
populations, Scott and Seiko (1939) suggested the use of data obtained 
by a count of rearing dens on sample areas. This method was found satis-
factory, but its use in determining red fox populations emphasized the 
desirability of a supplemental technique requiring less time, energy, and 
funds. An inventory technique is herein described to supplement or to 
replace the den count. 
In the development of technique as used for the rearing den census, 
little consideration was given direct observation as a means of estimating 
populations. The den count includes the finding of the rearing dens and 
the interpretation of the detailed evidence presented by assignment of 
an average number of individuals to the den. The inventory herein de-
scribed requires the finding and the interpretation of localized "sign,'' but 
the evidence is not brought to such definite focus as in the rearing den 
count. The evidence here considered is merely the "sign" created by re-
cent, normal activity of red foxes within the home range. The interpre-
tation, following Raunkiaer's system, is based on a percentage determina-
tion of the frequency of such activity on sample units drawn at random 
from the census area. 
EVIDENCE OF OCCUPATION 
Determining the presence of red foxes from the characteristic "sign" 
in the field demands some experience, a fact which cannot be over empha-
sized, but the requirements are not so exacting as to eliminate practice 
of the technique by qualified game managers. 
The track made by foot pads is the most reliable and frequent form 
of evidence. The general shape of the red fox track is oval with the longer 
axis taking the direction of travel. There is some variation between the 
1 Journal Paper No. J-798 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 598. The Fish and Wildlife Service (U.S. Dept. of the Interior), 
Iowa State College, Iowa State Conservation Commission and the American Wildlife 
Institute cooperating. 
•Grateful acknowledgement is made of occasional assistance with census inspec-
tions by Robert Moorman, Charles Yocom, and Edwin Snead. 
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fore and hind tracks, but on most tracking surfaces these differences are 
too obscure to be easily determined or are of such nature as not to affect 
seriously the identity of the track. In comparison with the front foot the 
hind foot is slightly narrower, the heel pad is not so wide and the two 
middle toes together with their claws usually appear to converge. Rarely 
are tracks of red foxes more than 2.8 inches long, and the writer has yet 
to find one that is wider than 75 per cent of the measured length. The 
toe pads are small, and the toes may be spread, particularly in the front 
foot and on soft surfaces. The bar-shaped heel pad leaves a rectangular 
print, straight-edged to the rear. The heel pad does not project forward 
between the outermost toes, and claw marks are usually present and 
sharper than those of the domestic dog. On such surfaces as mud and 
wet snow that are fine enough to hold the impression, the furry nature of 
the foot may be clearly observed. The track patterns of the different 
gaits are similar to those of the domestic dog except that the tracks of the 
walking or trotting fox are usually in almost perfect registry, in line and 
not obviously staggered. 
Tracks are best seen on surfaces bare of vegetation. The best ex-
amples of these are ditch and gully bottoms, sand bars, roads and bare 
shoulders along streams, and stock trails. Topographic features and 
cover formations that provide gateways and avenues offer clews, especial-
ly concerning the probable line of travel. Cultivation of land for agri-
cultural purposes also provides tracking opportunities, the "dead" fur-
rows in plowed ground being especially used. On occasion soil disturb-
ances like those produced by the pocket gopher are attractive to foxes. 
The value of the scent has been emphasized by Stebler (1939). Fre-
quently one familiar with fox scent will catch the odor before other "sign" 
has been detected. The scent posts commonly observed in dry tracking 
are small boulders more or less isolated and averaging about 12 inches 
in diameter. Boulders are probably located because they are abundant 
and wet urine may be seen on their surfaces at a distance. These and 
other scent posts may be found along stream beds, gully bottoms, and 
stock trails. 
The scat, or dropping, indicates presence, but the identity of its 
originator is more difficult to determine than that of other "sign". The 
appearance and dimensions of the scat vary somewhat with the kind of 
food taken. For the most part the scats are largely made up of mammal 
remains. They are usually cylindrical, compact, sectioned, rounded, and 
frequently drawn out in a string or tail on the ends. One hundred scats 
from caged wild red foxes that had been fed small mammals and some 
domestic chickens were measured at their largest diameters. The average 
was 12.53 mm., the smallest 8.2 mm. and the largest 16.4 mm. Scats con-
taining the remains of such foods as fruit and insects are usually larger in 
diameter. There is a coating of mucus over the scat until removed by 
insects or weather. The characteristic odor associated with the fresh scat 
remains for a few days. On occasions, as when much fruit is eaten, this 
odor is suppressed by the stronger odor of the food remains. 
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Scats are usually deposited in bare areas, hence, the search for 
tracks will carry the investigator over the most likely spots. Within 
these areas the fox will defecate almost anywhere, nevertheless, attention 
may well be given certain favored places. Slightly elevated and bare 
areas where the soil has been kicked up by livestock, prominences formed 
by erosion, and flat-topped rocks seem especially attractive. Cow and 
horse dung, leather straps, prey, and more or less isolated items, including 
sticks, small stones, and nuts, also appear to be attractive places for 
droppings. 
Evidence of predation may assist in determining the presence of red 
foxes. In areas where food is abundant there may be food caches, which 
may or may not be buried. Weasels, shrews, and moles have been found 
with skulls crushed and uneaten. Apparently not so desirable as food, 
these prey species are killed and left uneaten, a habit that has likewise 
been noted in the domestic cat. Nests of cottontail rabbits and mice are 
regularly excavated, and mole runways are ripped open, the dead mole 
often being found nearby. The bases of rotted stumps that have been 
dug into by foxes apparently seeking mice may be noted. 
Though the "signs" of the presence of red foxes have been discussed 
at some length, it does not follow that all of them must be noted to prove 
the presence of foxes in any one locality. Unquestionable identification 
of tracks or scent should be the basis for the determinations. Other evi-
dence, although good, should serve more in the capacity of assisting in-
vestigations. 
These "sign" readings then provide essentially for an appraisal of the 
occupied home ranges of fox families. If the readings are made in early 
summer prior to August, families may be identified from the presence of 
the tracks of adults and young. Later in the year, as when the inspections 
here presented were made, it is not practicable to segregate tracks of 
young from those of adults. 
APPLICATION 
In order to obtain data on an adequate scale over large areas, a 
sampling method was necessary. Sections (640 acres) were considered 
desirable units. Samples were drawn at random on a countywide scope, 
576 sections in area. In this study, samples totaling five per cent of the 
entire area appeared adequate; under other circumstances, however, 
greater accuracy may be obtained in larger acreages, smaller sample units, 
or both. 
It is suggested that the data obtained will be more accurate if the 
area from which the samples are to be drawn is classified. Scott and 
Selko (1939) demonstrated a correlation between the density of rearing 
dens of red foxes and striped skunks, and land slopes that have a pre-
dominant gradient of 5 to 10 per cent or more. Support for this correlation 
was also found in the occupational-frequency determinations. This in-
formation is suggested as a basis for classifying census areas whenever 
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applicable. Thus, with the use of a topographic map or from familiarity 
with the land one can divide an area to be studied into two classes; one 
including lands that have a slope predominantly of 5 to 10 per cent or 
more and the remaining lands. A 5 per cent sample may be drawn from 
the area with slopes of less than 5 to 10 per cent and a 10 per cent sample 
for the steeper slopes. This minimizes the time consumed for the less 
productive area and tends to concentrate efforts on the more productive 
area. 
The work is planned in advance so as to save time in the field. Each 
sample area is covered, starting at the most vulnerable point-the place 
most likely to yield evidence. An up-to-date map will be a help in deter-
mining where this point will be. As drainage systems are especially pro-
ductive when the stream levels are below normal, the approach to the 
sample area should begin where the water course leaves the strip. Obser-
vations begun at the more promising localities will reveal evidence of fox 
occupation within a few minutes. Surveys should be delayed for at least 
two days after a heavy rain so as to permit accumulation of "sign". As the 
most readable and most reliable evidence is collected after a rain it is 
advisable to wait for such conditions. The method has not been applied to 
red fox populations in areas also inhabited by gray foxes (Urocyon cinereo-
argenteus), but it would seem that with additional care the "sign" of the 
two species could be segregated and results obtained. 
Although different localities may require some variation in time of 
inspection, the period September 15 to November 15 seems most satisfac-
tory. Within this period, in order to make comparisons, counts on the 
different sample areas should be made as near concurrently as possible. 
The method here described was attempted only during the fall as a 
pre-winter count. With allowances, however, it may possibly be used at 
other times of the year. 
INTERPRETATION 
The data gathered from the sample area should be given a frequency 
value. This is done by finding what the percentage of the number of 
samples on which "signs" of presence is found is of the total number of 
samples studied. For example, an inspection of 50 sample sections showed 
evidence of fox occupation on 10; this indicated an occupational fre-
quency, or index, of 20 per cent. 
A survey was made of the red foxes in Boone County during Novem-
ber of two consecutive years. The survey revealed a frequency index of 
40 per cent in 1938 and 12 per cent in 1939. As the rearing den count was 
also made in the same county in these two years, the trends in population 
as indicated by the two methods may be compared. The count of rearing 
dens in 1938 was 6 and in 1939, 2. Thus when the occupational-frequency 
method showed a drop in population from 40 to 12 per cent, the rearing-
den count showed a drop from 39 to 13 per cent. No limiting factor that 
produced a perceptible change in populations during the period between 
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the den count and the inventory was recorded or reported during the 
two years studied. 
An inventory technique that seems to show trends in population as ac-
curately as is indicated by these percental determinations, combined with 
yield records, should provide administrators with basic information on 
which to adjust harvest operations over large areas. Skill in practice 
should tend to increase the value of the data obtained by this technique. 
The futility of applying exact figures to constantly challging popula-
tions is recognized; it appears forgivable, however, to suggest a possible 
translation of occupational frequency into numbers of individuals. The 
data from the November frequency inventories in Boone County indicate 
that a maximum occupational frequency, 100 per cent, would represent an 
average population of about 1.6 foxes to the section. This figure was ob-
tained from the available data as follows: In 1938 the red fox population 
on the 576 sections in Boone County was 351, as determined from the den 
count; in the same year the frequency index was 40 per cent. The popula-
tion at maximum frequency, 100 per cent, was then reckoned to be 878 
or about 1.52 to the section. In 1939 the den count indicated a population 
of 117, and the frequency index was 12 per cent. The population at maxi-
mum frequency was 975 to 576 sections or about 1.69 foxes to the section. 
The average number of foxes to the section at maximum frequency would 
be approximately 1.6. The average fox population to the section may then 
be obtained by multiplying 1.6 by the percental determination of occu-
pational frequency. 
SUMMARY 
The inventory technique herein described is based on a percental de-
termination of the frequency of red fox occupied sample units (640-acre 
sections) in a series drawn at random from a census area. The frequency 
determinations appeared responsive to annual population changes. 
In practice the technique requires a minimum of time, energy, and 
funds, and is suited to large-scale application. Administrators should find 
this technique efficient and reasonably reliable in providing information 
on which to base recommendations for harvest of the red fox fur sur-
plus. Thus, a seed stock for continued production will be insured; foxes 
will be available throughout the year for those who find recreation in 
coursing them with hounds; and the surplus may be taken for profit. 
REFERENCES CITED 
ScOTT, THos. G. AND LYLE F. SELKO 
1939. A census of red foxes and striped skunks in Clay and Boone Counties, 
Iowa. Jour. Wildlife Management, 3(2) :92-98. 
STEBLER, A. M. 
1939. The tracking technique in the study of the larger predatory animals. 
Trans. Fourth N. A. Wildlife Conference, pp. 203-208. 

THE EFFECT OF ASPECT OF SLOPE ON CLIMATIC FACTORS1 
J.M. AIKMAN 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station, 
and Soil Ccmservation Service, United States Department of Agriculture 
Received October 8, 1940 
In a given geographic location modifications of climatic factors in-
duced by aspect of slope are known to exist although few quantitative 
determinations have been made of the magnitude of these modifications 
either in general or in specific instances. Previous microclimatic studies 
(Geiger (3), Aikman (1), Eisele (2), Potzger (7)) have dealt chiefly 
with the climate of plant habitats, the modifications in which may be 
attributable to variations in vegetative cover alone or to variations in both 
topography and vegetative cover. 
As a result of quantitative studies of microclimate, it has been sug-
gested (Geiger (3), Aikman (1)) that the determination of climatic 
factors affecting plant growth should be made for each habitat in a given 
geographic location provided the modification in factors is sufficient to 
affect significantly the development of the plants. 
The present study was undertaken to determine the magnitude of 
differences in climatic factors, independent of any measurable effect of 
modifications in plant cover, on four aspects of slope within a radius of 
one-fourth mile at the Hillculture Field Station near Floris in southern 
Iowa. The initiation of adaptation studies of a number of species and 
varieties of plants introduced into the area for the first time made it nec-
essary to measure and evaluate, in this particular location, the degree of 
modification of climatic factors resulting from topographic differences 
alone. The purpose of this paper is to present data showing the effect of 
aspect of slope on the individual climatic factors and on the integrations 
of climatic factors which seem to have the greatest effect on the establish-
ment and growth of plants. 
DESCRIPTION OF THE STATIONS 
The four stations are located on north, east, south, and west slopes 
within a radius of one-fourth mile on the farm. All of the stations are on 
slopes of about 20 per cent, and are of approximately the same elevation 
with the exception of that on the north slope which is about 60 feet higher 
than the others. 
Of the four stations, those on the east and west slopes have practically 
no protection by trees and shrubs for a distance of at least 200 feet on the 
north and south and for a distance of 300 feet on the east and west. The 
s.~mth slope is unprotected for only 125 feet on the south but for at least 
1Journal paper No. J-752 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 582. 
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200 feet on the west and for more than 300 feet on the east. The north 
slope is unprotected on the north for 125 feet, on the west for 75 feet and 
on the east for 300 feet. The upper slopes of the four sites are devoid 
of woody plant cover and afford about the same degree of protection. 
Each station was equipped with the following instruments: United 
States Weather Bureau standard maximum-minimum thermometers; 
Julien P. Friez hygrothermograph and soil-air thermograph (soil tem-
perature depth, 2 inches); Robinson cup anemometer (cups at 2-foot 
height); three porous cup atmometers (cups at 6-inch height); and an ac-
c1,1rate non-recording rain gauge. In addition to these instruments, the 
station on the south slope had a soil thermograph at the 8-inch depth and 
a Julien P. Friez dual-traverse survey type recording rain and snow 
gauge. The instruments were housed in shelters of modified Weather 
80 
'
0 1 ,... 11 U ... II f& l5 a, !I I" U 30 4 I~ 10 ll 3 10 11 'lJt. I 
~ June Ju!Y Ausu.>1 .5efilember 
Fig. 1. Comparison of average diurnal air temperatµre of east slope (entire 
line) and of west slope (broken line). 1939. 
Bureau type, painted green. The instruments at each station were located 
in a plot 15 by 20 feet, which was kept mowed at a height of two inches. 
COMPARISON OF CLIMATIC FACTORS 
In the selection of climatic factor data to be presented in this paper, 
an attempt has been made, from a study of the literature and from the 
response of introduced plants tested near the stations on the east and west 
slopes, to evaluate the several factors so that only those are presented 
that appear to have a definite effect on the establishment and growth of 
plants. 
For most of the factors there seems to be a greater difference between 
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the stations on the east and west slopes than between any other two sta-
tions. The added protection of the other two slopes may to some extent 
account for this fact. 
AVERAGE TEMPERATURE 
The average temperature at each station was determined by obtaining 
the mean of readings at two-hour intervals from thermograph charts. 
Average temperature differences of apparently small magnitude material-
ly affect plant growth since the difference in effective heat units be-
tween two habitats is the product of the daily average temperature differ-
ence and the number of days of the record. These relatively small varia-
tions in average temperature are especially important in their effect on 
plant development at or near average plant zero and in the higher tem-
perature range, near the optimum for most plants, where growth responses 
are magnified by temperature increases. 
In figure 1 a comparison of average diurnal air temperatures for the 
east and west slopes shows that for the first part of the season the average 
difference was between 2 and 3 degrees. The average difference between 
the night temperature of the two slopes (not plotted) was slightly less 
than this. The average difference between the temperature for both day 
and night was more than two degrees for the two stations, which would 
seem to have some appreciable effect on growth of plants since the differ-
ence in mean summer air temperature between southeastern Minnesota 
and northern Missouri is only 5 degrees (Kincer (4)). 
Average air temperature for July 1939 varied 3 degrees between the 
south and west slopes and almost as much between the east and west 
slopes (table 1). This difference equals the average July temperature 
difference between the position of the farm in southern Iowa and a loca-
tion south of the Missouri River in Central Missouri, a distance of 150 
miles (Kincer ( 4)). 
TABLE 1. Monthly averages of air temperature, maximum air temperature, and soil 
temperature (2-inch depth) in degrees Fahrenheit on the north, east, sou.th, 
and west slopes, July, 1939 
- --
- -
Locations of Average air Average maximum Average soil 
stations temperature air temperature temperatu re 
2-inch depth 
North slope .... ........ 78.0 94.0 78.8 
East slope ..... ... . . .. .. 76.8 93.6 81.2 
South slope . ... . . . ... . . . . 75.4 93.5 80.2 
West slope . .. . . .. .. . . . .. 78.5 . .. I 85.8 
Average soil temperature at the 2-inch depth, shown in table 1, dif-
fered as much as 7 degrees between the slopes. Such wide variations in 
the upper soil temperature have a marked effect on the temperature and 
hence on the metabolism of the plants growing on the slopes. 
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MAXIMUM AND MINIMUM TEMPERATURE 
Although the differences in maximum and minimum temperature be-
tween slopes reached 6 and 8 degrees, respectively, these differences were 
unusual rather than the rule. Most of the differences were 1 to 3 degrees, 
the maximum temperature differences being greater in the middle of the 
growing season and the minimum differences greater at the beginning 
and toward the end of the growing season. Table 1 shows that the average 
of the maximum temperature readings on three of the slopes for July 19 
varied only one-half degree Fahrenheit. The free circulation of air at the 
stations probably accounted for the small difference in average maximum 
temperature on the slopes. The average of the three stations for July, 1939, 
was almost 7 degrees higher than the 40 year average (Reed (5)). 
In contrast, maximum soil temperature differences were great. On 
July 7, 1939, the temperature of the soil at the 2-inch depth reached 118 
degrees Fahrenheit on the west slope compared to 98 degrees Fahrenheit 
on the east slope. Previous tests showed that the soil temperature just 
below the surface was several degrees higher. The injury caused by such 
excessive heat at or near the surface of the soil seems to be an important 
factor in explaining the failure of plants to become established on partially 
bare sites. 
ALTERNATE FREEZING AND THAWING 
There was considerable variation among the stations in the number 
and duration of periods showing alternate freezing and thawing through-
out the fall, winter, and spring of 1938-39 as computed from the weekly 
temperature charts and checked with the maximum-minimum thermome-
ters. For the south slope, the number of these periods was 115 as compared 
to 105 for the west slope. Incomplete records of the other two slopes 
showed that the north slope was more favorable than the west slope in 
this regard, probably because of increased protection, and that the south 
slope was about half way between the east and west slopes. Slight differ-
ences in extent of direct frost injury to transplanted material and of in-
. jury from heaving might be demonstrated for the four sites. 
LENGTH OF GROWING SEASON 
The average length of growing season for the area, based on 40 years 
record, is about 165 days (Reed (5), (6)). The four stations differed 
widely in frost-free days in 1939, as determined by minimum thermome-
ters and checked with the weekly thermograph charts. The number of 
frost-free days for north, east, south, and west slopes were, respectively, 
176, 162, 162, and 201. In 1939 there was a 30 day difference in the first 
frost date in the fall. No data are available for early spring, 1938, but the 
first frost date for 1938 for all stations falls on October 24, indicating that 
there was little variation in frost-free days among the stations for 1938. 
Differences among the slopes in length of growing season seem to vary 
widely from year to year depending on the direction of the wind and the 
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degree of protection. This length of season is an important factor in its 
effect on the growth of introduced plants. The data for 1939 indicate 
that the variation in frost date may be as wide between adjacent slopes of 
different aspect as between two locations at least 200 miles north and 
south. 
RATE OF EVAPORATION 
Although the relationship between rate of evaporation and transpira-
tion from plants is somewhat indefinite since it has been shown that the 
correlation between these two determinations is not very high, the com-
parative dryness of the atmosphere as measured by porous cup atmome-
ters is another factor of some use in the evaluation of plant habitats. 
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Fig. 2. Comparison of rate of evaporation from atmometers 
in cubic centimeters per day on 20 per cent west slope, (entire 
line) and on 20 per cent east slope (broken line) within a 
distance of 250 yards. 1938. 
Figure 2 shows the rate of evaporation in cubic centimeters per day 
from porous atmometers on the east and west slopes. Evaporation aver-
aged about 6 cubic centimeters per day higher for the west slope than for 
the east slope during the period represented by the graph. Several shorter 
periods during the two seasons showed evaporation to be greater for the 
west slope by more than 20 per cent; and in one instance 40 per cent. 
Granted that the saturation deficit of the turbulent zone of the upper at-
mosphere was approximately the same over the two sites, the gradient 
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between the surface air and this area would be much greater for the west 
slope than for the east slope. 
Average relative humidity, determined from hygrograph chart read-
ings at 2-hour intervals, for these two sites for the period July 25 to Aug-
ust 24, 1938, were 7 4 and 78 per cent for the east and west slopes, respec-
tively, and the average air temperature readings were 76 and 75 degrees 
Fahrenheit. The average wind velocity (figure 3) for this period was more 
than 60 per cent greater on the west than on the east slope. The mean 
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Fig. 3. Average daily wind velocity in miles per hour on east slope (entire 
line) and on west slope (broken line) anemometer cups at two-foot height. 1939. 
annual air temperature was about 2112 degrees Fahrenheit higher on the 
west slope than on the east slope. · 
Curves plotted from values representing the product of average tem-
perature, wind velocity, and saturation deficit of the air show a corre-
spondence to the rate of evaporation curves for the two slopes and indicate 
that this co'?nbination of factors, which also showed a significant correla-
tion with transpiration rate, is of greater magnitude on the west slope 
than on the east slope. 
SUMMARY 
1. Quantitative differences induced by variation in aspect of slope, 
within a given geographic location in southern Iowa, are presented 
for climatic factors selected on the basis of their effect on plant growth. 
The north and south slopes were somewhat better protected by woody 
vegetation than the east and west slopes. 
2. Under the conditions of the experiment there seemed to be the great-
est contrast in all factors between the east and west slopes. 
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3. The west slope had the highest average air and soil temperature, the 
highest maximum soil temperature at 2 inches, the longest frost-free 
season, the highest evaporation, the greatest wind velocity, and, next 
to the north slope, had the smallest number of alternate freezing and 
thawing periods. 
4. The west slope was the most xeric, with the other slopes ranking in 
the following order: south, east, and north. 
5. On the basis of heat injury the slopes would rank, in order: west 
(greatest danger of injury), south, east, and north. 
6. On the basis of cold injury alone the slopes would rank as follows: 
east (greatest danger of injury) , south, north, and west. 
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THE DISTRIBUTION OF IOWA TOADS1 
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Station 
Received December 17, 1940 
In the course of an investigation of the amphibians and reptiles of 
Iowa it has become apparent that no less than four toads occur, although 
only the American toad (Bufo a. americanus) has heretofore been re-
ported. The locality records now at hand, based chiefly upon collections 
of breeding specimens, indicate that one or more species probably occur 
in each county in the state, and that no species is found throughout the 
state. We are grateful to A. Cooke Anderson, Max E. Davis, Dr. George 
C. Decker, Lewis T. Graham, Dr. Harold Gunderson and other staff mem-
bers and students of the Iowa State College who have participated in the 
collection of specimens. 
Although identification is at times difficult because of the variability 
of differentiating characters, we have as yet noted no evidence of inter-
gradation or hybridization of the forms. Bufo woodhousii fowleri and 
B. w. woodhousii, which are believed to intergrade further south, are well 
separated geographically in Iowa (fig. 2), and the geographic source of 
material furnishes a simple method for separation of the subspecies. The 
following key, based entirely on Iowa material, should facilitate proper 
identification. 
Key to the Toads (Bufo) of Iowa 
la.-Interorbital crests heavy, strongly converging anteriorly and uniting 
to form a pronounced boss between anterior margins of eyes. Dorsal 
blotches larger than parotids, conspicuously light margined, includ-
ing 7 (usually at least 10) or more enlarged warts. Smaller meta-
tarsal tubercle provided with a definite, though dull, cutting edge. 
Belly immaculate. Throat pouch of breeding male sausage shaped, 
emerging well back on throat, and, when not distended, covered by a 
flap of normally colored skin. Western two tiers of Iowa counties. 
GREAT PLAINS TOAD ( Bufo cognatus) 
lb.-Interorbital crests often less well developed, parallel or moderately 
converging but not uniting to form a boss. Dorsal blotches much 
smaller than parotids, without light margins, each involving 1 to 5 
(rarely more) enlarged warts. Smaller metatarsal tubercle bluntly 
conical or knob-like, without a cutting edge. Belly immaculate to 
heavily mottled or spotted. Throat pouch of breeding male sub-
hemispherical, dark colored, involving all of loose skin on throat. 
1Journal Paper No. J821 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 651. 
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2a.-Breast and belly more or less heavily mottled or marbled with 
dark. Parotid glands broader and more closely approximated, 
parotid width 1.5 to 2.0 (usually 1.8 or less) in its length and 
0.8 to 1.6 (usually less than 1.3) in least interparotid distance. 
Warts on body stronger and fewer, those on tibia especially 
well developed. Cranial crests usually moderately converging 
anteriorly; postorbital crests separated from parotids. Mid-
dorsal light stripe narrower and contrasting little with dorsal 
coloration, sometimes indistinct. First (distal) subarticular 
tubercle of longest toe almost invariably divided (96 per cent); 
second subarticular tubercle most often divided (64 per cent). 
Song a high-pitched, protracted, musical trill, normally of more 
than 10 seconds duration. Throughout Iowa except western 
edge of state. AMERICAN TOAD ( Bufo americanus americanus) 
2b.-Underparts immaculate or with a single, median, dark spot on 
breast (occasionally with several dark flecks on breast). Paro-
tid glands narrower and less closely approximated, parotid 
width 1.6 to 2.6 (usually 1.8 or more) in its length and 1.3 to 
2.6 (usually 1.5 or more) in least interparotid distance. Warts 
on body smaller and more numerous, those on tibia less well 
developed. Cranial crests typically almost parallel; postorbital 
crests normally contacting parotids. Mid-dorsal light stripe 
broader and contrasting sharply with dorsal coloration (except 
in pallid specimens). First (distal) subarticular tubercle of 
longest toe often single (34 per cent in fowleri, 54 per cent in 
woodhousii) ; second subarticular tubercle never divided. Song 
a rather low-pitched, nasal "waa-a-a-a", of less than 5 seconds 
duration. 
3a.-Dorsal dark spots involving 3 or 4 (occasionally 2 or 5, 
rarely 1 or more than 5) warts; total wart count in six 
spots2 14 to 31 (15 or more in 96 per cent), mean 19.8. Paro-
tid width 1.3 to 1.9 (1.8 or less in 92 per cent), mean 1.7, in 
interparotid distance. Postorbital ridge in contact with 
tympanum in adults. Size smaller, largest male examined 
66 mm. in snout to vent length, largest female 65 mm. 
(doubtless attaining a somewhat greater size). Southeast-
ern Iowa. FOWLER'S TOAD ( Bufo woodhousii fowleri) 
3b.-Dorsal dark spots involving 1 or 2 (occasionally 3, rarely 
4 or 5) warts; total wart count in six spots2 6 to 18 (13 or 
less in 92 per cent), mean 10.1. Parotid width 1.7 to 2.6 
2 The six spots counted include the two lying between anterior ends of parotids, two 
between posterior ends of parotids, and two lying near mid-dorsal line in middle 
of back. 
DISTRIBUTION OF IOWA TOADS 171 
(1.9 or more in 88 per cent), mean 2.1, in interparotid dis-
tance. Postorbital ridge rarely in contact with tympanum. 
Size larger, largest male examined 89 mm. in snout to vent 
length, largest female 103.5 mm. Western two tiers of Iowa 
counties. ROCKY MOUNTAIN TOAD ( Bufo woodhousii woodhousii) 
AMERICAN TOAD 
Bufo americanus americanus Holbrook 
(Figure 1 and Plate I, figures A and B) 
The American toad is abundantly represented, to the exclusion of 
other toads, throughout most of Iowa (figs. 1 and 2). It has been taken in 
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Fig. 1. Map of Iowa showing locality records for Bufo a. americanus (circles) and 
Bufo cognatus (triangles). Literature reports for americanus appear as open 
circles. 
company with fowleri in Lacey-Keosauqua State Park, Van Buren 
County and with woodhousii near Ida Grove, Ida County, at Denison, 
Crawford County, and along Keg Creek, 5.7 miles west of Harlan, Shelby 
County. At Minden, Pottawattamie County, we heard this species and 
woodhousii singing on May 11, 1940, but only woodhousii was collected. 
Although not thus far collected with cognatus the ranges overlap slightly 
ih Osceola and perhaps other western counties and they doubtless occur 
together. However, the Iowa range of americanus is to a remarkable ex-
tent complementary with those of woodhousii and, especially, cognatus, a 
circumstance not improbably resulting from interspecific competition. 
Athough toads abound in the Missouri and Bix Sioux River valleys 
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we have never taken americanus there, and it is believed that the species 
does not range west to the western boundary of Iowa. To the south the 
western range limit in Kansas, as determined by Smith (1934: 439), is 
continuous with that in Iowa (fig. 1). If the species occurs in Nebraska, 
which seems doubtful, it is presumably confined to the extreme south-
eastern corner of that state. We are informed by Dr. William H. Over 
that he has no records of this species from South Dakota; the toads re-
ported by him (1923) as B. americanus are B. w. woodhousii. The west-
ern range to the north extends at least to the Red River valley where we 
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Fig. 2. Map of Iowa showing locality records for Bufo woodhou.sii fowleri. (triangles) 
and Bufo w. woodhousii (circles). 
have taken americanus in company with cognatus, along U. S. Highway 
75, 5 miles south of Wolverton, Wilkin County, Minnesota. The species 
is said to range west to Alberta (Stejneger and Barbour, 1939: 31). 
Iowa records are as follows (all specimens of this and the other forms are in 
the Iowa State College collection unless otherwise designated. If more than one speci-
men was collected the number follows the locality in parentheses. Individuals found 
dead on roadways are designated DOR and are not preserved): ADAIR Co., 10.5 miles 
east of Greenfield . .ALLAMAKEE Co., 1 mi. S Lansing (DOR); 2 mi. SW New Albin; 3 
mi. W Lansing; 4.5 mi. NW Lansing (not preserved); Church (DOR). APPANOOSE Co., 
4.3 mi. N Centerville (2); 1.8 mi. N Centerville (DOR); 9.5 mi. E Centerville (DOR); 
2.8 mi. E Centerville; 4.6 mi. N Centerville (DOR). AunuaoN Co., Kimballton (3). 
BENTON Co., 4 mi. SSW Keystone (DOR). BOONE Co., 1 mi. E Pilot Mound; Ledges 
State Park (6). CALHOUN Co., west shore of North Twin Lake (DOR). CARROLL Co., 
2.5 mi. SE Carroll; 1 mi. W Carroll; 6 mi. NNW Lidderdale. CERRO GORDO Co., 1 mi. S 
Ventura (2). CHEROKEE Co., 5 mi. S Cherokee (2). CLARKE Co., 9.5 mi. W Osceola (2); 
8.4 mi. NE Osceola (22). CLAY Co., (Ruthven, 1910: 203, 205, in the Museum of Zoology, 
University of Michigan); 5 mi. SE Webb; 2.5 mi. NE Dickens. CLAYTON Co., Garnavillo; 
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Guttenberg. CLINTON Co., 12 mi. N Clinton; 4 mi. N Clinton; 2 mi. E Wheatland (DOR). 
CRAWFORD Co., 0.5 mi. W Dow City; 0.5 mi. W Denison (4). DAVIS Co., 2.5 mi. SE Eldon 
(DOR); 3.7 mi. W West Grove; 2.4 mi. W West Grove; 4 mi. E Bloomfield (2). DEs 
MOINES Co., 3 mi. N Kingston (DOR). DICKINSON Co., Iowa Lakeside Laboratory; N 
shore West Lake Okoboji; Upper Gar Lake; Little Sioux River; East Lake Okoboji; 
Lower Gar Lake (all reported by Blanchard, 1923: 21, MZUM); Silver Lake, 2 mi. 
SSW Lake Park; 7.6 mi. W Spirit Lake (DOR). DUBUQUE Co., 2.5 mi. N Dubuque. 
EMMETr Co., 1 mi. W Estherville (DOR), (Scott, 1938: 530); 2 mi. NE Dolliver (not 
pres.); 6 mi. NE Estherville. GREENE Co., 4 mi. E Jefferson; 3.5 mi. N Scranton; 10 mi. S 
Jefferson. GRUNDY Co., 7 mi. W Grundy Center. GUTHRIE Co., 1 mi. S Menlo. HAMIL-
TON Co., 3 mi. S Jewell (3); 6 mi. E Webster City (9); 4.4 mi. S Stanhope (DOR). 
HENRY Co., 2.5 mi. N. Lowell. HOWARD Co., 2 mi. N Cresco (not pres.). HUMBOLDT Co., 
3.5 mi. E Arnold (2). IDA Co., 1.5 mi. E Ida Grove (8); Ida Grove. JACKSON Co., 2 mi. 
NW Sabula. JASPER Co., 9.5 mi. SW Melbourne. LEE Co., 3.5 mi. N Keokuk; 5 mi. N 
Keokuk. LucAS Co., 1 mi. E Chariton (not pres.). MADISON Co., 5.5 mi. N Winterset 
(DOR); 4.5 mi. SW Winterset (not pres.); 6 mi. WSW Winterset (8). MARION Co., 
2 mi. W Knoxville (2). MARSHALL Co., 9 mi. E State Center (DOR) ; 7 .5 mi. E State 
Center. MONROE Co., 3 mi. E Albia (3); 5.9 mi. E Albia (DOR). MuscATINE Co., 2 mi. 
NE Fairport (2). OscEOLA Co., 1 mi. N Sibley; 2.5 mi. NE Allendorf (DOR); 1.5 mi. 
NE Ocheyedan. PAGE Co., 6 mi. NE Clarinda. PALO ALTO Co., (Ruthven, 1910: 203, 
205, MZUM) ; Rush Lake, 8 mi. W Mallard. POCAHONTAS Co., Clear Lake, 11 mi. W 
Pocahontas. POLK Co., Des Moines (4). POWESHIEK Co., Grinnell (Ruthven, 1912: 
207, MZUM). RINGGOLD Co., 2 mi. NW Mt. Ayr (DOR). SAc Co., Odebolt. ScOTT Co., 
1.3 mi. W Buffalo. SHELBY Co., 3.6 mi. SE Jacksonville; 5.7 mi. W Harlan; 5.9 mi. E 
Harlan (2). STORY Co., Skunk River, Ames (2); 5 mi. S Nevada; 2.8 mi. E Nevada; 
5 mi. NW Ames. TAYLOR Co., 0.5 mi. SE New Market; 2 mi. NE Bedford; 0.5 mi. E 
Bedford ( 4). UNION Co., 9 mi. E Afton ( 40). VAN BUREN Co., 1 mi. SW Keosauqua 
(2); 1 mi. NW Selma (DOR); 2.2 mi. S Birmingham (DOR); 1.3 mi. SE Mt. Zion 
(DOR); 5 mi. ENE Keosauqua. WAPELLO Co., Eldon (DOR), WARREN Co., 5.1 mi. N 
Liberty Center. WASHINGTON Co., 2 mi. W Washington (DOR). WAYNE Co., 1 mi. W 
Corydon (DOR). WEBSTER Co., 4 mi. WSW Stratford (DOR). WINNESHIEK Co., Ft. 
Atkinson (tadpoles); 8.5 mi. SE Decorah (2), WRIGHT Co., 1.5 mi. W Rowan (DOR). 
GREAT PLAINS TOAD 
Buf o cognatus Say 
(Figure 1 and Plate I, figure C) 
The occurrence of cognatus in southwestern Minnesota (Brecken-
ridge, 1938: 47) presaged its discovery in Iowa. It has been taken in Osce-
ola and O'Brien counties in northwestern Iowa; all other records are 
from those counties bordering the western edge of the state. It occurs 
abundantly in company with woodhousii in the Missouri River valley, 
where these species replace americanus. 
Iowa localities are as follows: FREMONT Co., 7 mi. SW Sidney (2); 6 mi. N Ham-
burg (DOR). HARRISON Co., 3 mi. SE River Sioux (DOR); 5 mi. N Missouri Valley 
(DOR); 3 mi. S California (2). LYON Co., 1 mi. E Rock Rapids (DOR); 7.6 mi. E 
Rock Rapids (DOR). MONONA Co., 1 mi. W Mapleton (DOR); Badger Lake, 3.5 mi .. 
W Whiting (2); 1 mi. N Turin (28); 3.5 mi. W Onawa (3); 5 mi. SW Ute. O'BRIEN Co., 
2.8 mi. N Sanborn (2) ; 4.1 mi. S Primghar (DOR). OsCEOLA Co., 2.5 mi. SSW Melvin 
(DOR); 1.5 mi. N Allendorf. PLYMOUTH Co., 4 mi. S Westfield (6); 4.3 mi. SW Akron 
(DOR); 6.8 mi. N LeMars (DOR); 2 mi. SSW Akron (7). POTTAWATTAMIE Co., 4.5 mi. 
SSE Council Bluffs (DOR). Smux Co., 2 mi. NE Hudson, S. Dak. (DOR). 
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FOWLER'S TOAD 
Bufo woodhousii fowleri Hinckley 
(Figure 2 and Plate I, figures E and F) 
The relationship of f owleri and woodhousii has been discussed in de-
tail by Smith (1934: 456-457), and we are in accord with his conclusion 
that the forms are conspecific. 
The few Iowa localities for the eastern subspecies, fowleri, are con-
fined to the southeastern part of the state. The only singing individuals 
were taken July 21, 1939, in Lee County. The song impressed us as less 
raucous and slightly more musical than that of woodhousii, but we doubt 
our ability to separate the subspecies consistently by sound alone. 
Iowa localities are as follows: LEE Co., 6 mi. E Donnellson (58); 3 mi. ESE Farm-
ington. MuscATINE Co., 4.5 mi. SW Muscatine (5). VAN BUREN Co., 1 mi. SW Keo-
sauqua (25). 
ROCKY MOUNTAIN TOAD 
Buf o woodhousii woodhousii Girard 
(Figure 2 and Plate I, figure D) 
Bufo w. woodhousii, like cognatus, is a western toad which reaches 
its eastern limit in western Iowa. Our northernmost locality is in Ply-
mouth County from which it ranges south into Missouri. We have taken 
specimens from 3 to 9 miles north of Carrollton, Carroll County, in that 
state. Although not extending as far north in Iowa as cognatus, wood-
housii appears to occur somewhat further east as indicated in figures 
1 and 2. 
On the night of May 11, 1940, we established an east-west transect 
from Kimballton, Audubon County, to Portsmouth, Shelby County. At 
Keg Creek, 5.7 miles west of Harlan, both americanus and woodhousii 
were taken. East of that locality only americanus was collected or heard, 
and west of it only woodhousii. 
Iowa localities are as follows: CRAWFORD Co., 0.5 mi. W Denison (2); 3 mi. SW 
Dow City. FREMONT Co., 6 mi. N Hamburg; 1 mi. NW Bartlett (2); 2.8 mi. E Sidney 
(DOR); 7 mi. SW Sidney (6); Hamburg; 2 mi. W Riverton. HAfuusoN Co., 2.4 mi. 
N Missouri Valley; 3 mi. S California (6); 5 mi. W California. IDA Co., 1.5 mi. E Ida 
Grove (3). MILLS Co., 1.3 mi. W Emerson (DOR); 3 mi. SE Glenwood (2). MONONA 
Co., Blue Lake, 3.7 mi. W Onawa (DOR); Badger Lake, 3.5 mi. W Whiting; 5.5 mi 
W Whiting (DOR); 7 mi. SE Mapleton; 1 mi. N Turin (10); 4 mi. W Onawa (9). 
PLYMOUTH Co., 4 mi. S Westfield (2); 2 mi. SSW Akron (2). POTTAWATTAMIE Co., 
4.5 mi. SSE Council Bluffs (DOR); 2.5 mi. N Council Bluffs; Minden (9). SHELBY Co., 
Portsmouth; Keg Creek, 5.7 mi. W Harlan (5). WOODBURY Co., Sioux City (4); Holly 
Springs (DOR); 8.4 mi. NW Holly Springs. 
SUMMARY 
Three species of toads occur in Iowa, one of which is represented by 
two subspecies. Of these Bufo cognatus and B. w. woodhousii are western 
forms which, in Iowa, attain their eastern range limits in the western two 
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tiers of counties. Bufo a. americanus and B. woodhousii fowleri are pri-
marily eastern in distribution and reach their western range limits in 
Iowa; fowleri has penetrated into the southeastern portion of the state 
whereas americanus has invaded all of Iowa except the western edge. The 
distribution of americanus in the state is roughly complementary with 
those of cognatus and woodhousii, a fact perhaps to be attributed to com-
petition. 
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PLATE I. THE TOADS OF IOWA 
Fig. A. Bufo a. americanus: a breeding male 75 mm. in snout to vent length, from 
6 miles east of Webster City, Hamilton County. 
Fig. B. Bufo a. americanus: ventral view, a breeding male 58 mm. in snout to vent 
length, from the same locality. 
Fig. C. Bufo cognatus: an adult male 71.5 mm. in snout to vent length, from near 
Akron, Plymouth County. 
Fig. D. Bufo w. woodhousii: an adult female 73.5 mm. in snout to vent length, from 
3 miles south of California, Harrison County. 
Fig. E. Bufo woodhousii fowleri: an adult female, 57 mm. in snout to vent length, 
from near Muscatine, Muscatine County. 
Fig. F. Bufo woodhousii fowleri: ventral view, an adult female 66 mm. in snout to 
vent length, from the same locality. 
Photographs by Max E. Davis 
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THE VARIATIONS IN GALIUM TRIFLORUM AND GALIUM 
BO REALE 
PmuP J. LEYENDECKER, JR. 
From the Department of Botany, Iowa State College 
Received December 17, 1940 
Galium triflorum, a variable species common to the New England 
and midwestern states was described by Michaux in 1803. 
During a recent study of the genus in Iowa this species was found 
to segregate into three distinct morphological forms. Further examina-
tion of additional material from other states revealed that these three 
forms tend to be geographically distinct. The writer is, therefore, pro-
posing three forms of G. triflorum. The material examined for this paper 
is in the Herbarium of the Missouri Botanical Garden, and the Iowa State 
College Herbarium. 
Galium triflorum Michaux, Fl. Bor. Am. 1: 80. 1803. 
Perennial, stems diffuse or reclining, 12-40 cm. long, hispid, retrorsely 
barbed or glabrous on the angles; leaves 6 in a whorl, elliptical to elliptical-
lanceolate, tapering at the base, 2-7 cm. long, cuspidate pointed, I-nerved, 
veiny, margins and midribs scabrous; flowers terminal and axillary; 
peduncles mostly 3-flowered at the extremity; corolla 4-parted, greenish 
to greenish-white, 3-4 mm. across, lobes acute to acuminate; fruit 2-2.5 
mm. across, beset with long, hispid, uncinate hairs. 
Gali um triflorum Michx. forma typicum. ( Galium triflorum Michx. Fl. 
Bor. Am. 1: 80. 1803.) 
Angles of the stems retrorsely barbed. Type locality: "In umbrosis 
Canadae sylvis." This form ranges across the United States from New 
Brunswick south to Florida, New Mexico, California, Oregon, Washing-
ton, and Alaska. 
Representative material: NEWFOUNDLAND: Sept. 7, 1896; A. C. Waghorne 35; 
NEW HAMPSIITRE: Crawford Notch, July 3, 1898, J. M. Greenman 1065; NEW 
YORK: Sullivan Co., June, 1873, H. Eggert; MASSACHUSETI'S: Lincoln, Aug. 28, 
1898, J.M. Greenman 2905; PENNSYLVANIA: Montgomery Co., July 5, 1899, A. Mac 
Elwee 781; NEW JERSEY: Milberg, July 10, 1880, J. Schrink; DISTRICT OF COLUM-
BIA: Anacostia, July 19, 1893, F. L. Boettcher 194; WEST VIRGINIA: Huntington, 
July 8, 1937, F. A. Gilbert, 594; VIRGINIA: Fauguier Co., June 30, 1935, H. A. Allard 
735; NORTH CAROLINA: Swain Co., Aug., 1891, H. C. Beardslee; GEORGIA: 
De Kalle Co., July 23, 1897, H. Eggert; FLORIDA: Aspalaga, July, 1843, Ruge!; ALA-
BAMA: Cullman Co., Sept. 26, 1898, H. Eggert; TENNESSEE: Reelfoot Lake, June, 
1932, G. E. Moore B34; KENTUCKY: Harlon Co., 1893, T. H. Kearney, Jr. 232; OHIO: 
Cincinnati, July 6, 1890, C. G. Lloyd; INDIANA: Blackford Co., Aug. 6, 1905, C. C. 
Deam 150; ILLINOIS: La Salle Co., June-Sept., 1921, F. H. Thone 128; MINNESOTA: 
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Clearwater Co., July 9, 1929, M. L . Grant 2708; IOWA: Des Moines, Oct. 18, 1895, 
G. W. Carver; MISSOURI: Jasper Co., June 28, 1909, E. J. Palmer 2375; ARKANSAS: 
Little Rock, June, 1835, Geo. Engelmann 674; TEXAS: Dallas, June 27, 1907, J. Rever-
chon 2607; OKLAHOMA: Pawhuska, Aug. 9, 1913, G. W. Stevens 1892; KANSAS: 
Manhattan, July 24, 1893, A. S. Hitchcock; NEBRASKA: Fort Pierre, June, 1853, F. V. 
Hayden; MONTANA: MacDougal Peak, July 31, 1908, Mrs. J . Clements; COLORADO: 
Greenhorn Mts., Sept. 14, 1875, T. S. Brandegee 2840; IDAHO: Priest Range Exp. 
Sta., July, 1923, C. C. Epling 6187; NEVADA: Mountain City, Aug. 9, 1912, Aven 
Nelson and J . F. Macbride 2187; CALIFORNIA: Lake Co., July 25, 1902, A. A. Heller 
5982; OREGON: Wallowa Co., June 29, 1897, E. P. Sheldon 8432; WASHINGTON: 
Seattle, July 9, 1937, J. W. Thompson 7285; BRITISH COLUMBIA: Vancouver Isl., 
June 30, 1893, John Macoun; ALASKA: Kodiak Isl., July 28, 1938, E. H. Looff and 
H. B. Looff 493. 
Galium triflorum Michx. forma hispidum Leyendecker n. form. 
Angles of the stems beset with straight hairs. Otherwise as the 
species. (Angulis caulum setosis. Aliter similis speciei.) 
Type: Ledges State Park, Boone Co., Iowa, July 25, 1903. L. H. Pam-
mel, R. E. Buchanan and C. M. King 3934. (Iowa State College Herbar-
ium) . 
This form ranges from New Brunswick south to West Virginia, Mis-
souri, New Mexico, California, Washington, Oregon, and Alaska. 
Representative material: MAINE: Piscataquis Co., June 24, 1895, M. L. Fernald 
223; VERMONT: Smugglers Notch, July 5, 1897, J . M. Greenman 67; MASSACHU-
SETI'S: Purgatory Swamp, June 27, 1897, J. M. Greenman 67; PENNSYLVANIA: 
Bucks Co., July 21, 1895, collector unknown; VIRGINIA: Luroy, Aug. 18, 1901, E. S. 
Steele 14; WEST VIRGINIA: Pocahontas Co., June 16, 1896, W. M. Pollock; MICHI-
GAN: Mackinac, Sept., 1896, H. H. Babcock; WISCONSIN: Door Co., July 10, 1918, 
M. T. Greenman 23; IOWA: Clinton, Sept. 4, 1896, L . H. Pammel 245; MISSOURI: 
Marion Co., July 26, 1915, John Doves 1444; NEBRASKA: Nuckolls Co., July, 1896, 
G. G. Hedgcock; SOUTH DAKOTA: Deadwood, July 9, 1913, P. A. Rydberg 38; 
NORTH DAKOTA: Abercrombie, June 25, 1912, H. F . Bergman 1772; MONTANA: 
Spring Hill, Aug. 27, 1905, J. W. Blankinship 239; WYOMING: Centennial Valley, 
Aug. 17, 1895, A. Nelson 1693; COLORADO: Ruxton Brook, July 23, 1901, F. E. and 
E. S. Clements 250; NEW MEXICO: Pecos River, Aug. 20, 1898, G. E. Coghill 175; 
CALIFORNIA: Fresno Co., June 25-July 15, 1900, H. M. Hall and H. P. Chandler 349; 
UTAH: San Juan Co., July 2, 1932, B. Maguire and J. D. Redd 2123; IDAHO: Custer 
Co., July 19, 1916, J. F. Macbride and E. B. Payson 3331; OREGON: Jackson Co., 
May 31, 1892, E. W. Hammond 183; WASHINGTON: Bengen, June 20-July 28, 1903, 
W. N. Suksdorf 2844; BRITISH COLUMBIA: Field, June 28, 1906, S. Brown 349; 
ALASKA: Prince of Wales Isl., Sept. 12, 1915, Mr. and Mrs. E. P. Walker 1005. 
This form does not extend as far southeast as the form typicum. 
Galium triflorum Michx. forma glabrum Leyendecker n. form. 
Angles of the stems glabrous. Otherwise as the species. (Angulis 
caulum glabris. Aliter similis speciei.) 
Type: Webb City, Jasper Co., Missouri, July 23, 1910, B. F. Bush 
6029. (Herbarium of the Missouri Botanical Garden). 
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This form ranges from Quebec south to Virginia, Arkansas, Texas, 
Arizona, Iowa, Minnesota, and again appears on the Pacific coast in 
California, Washington and British Columbia. 
Representative material: NEWFOUNDLAND: Aug. 13, 1894, B. L. Robinson and 
H. Schrenk 32; QUEBEC: Aug. 18, 1927, J. Rosseau 26947; MAINE: Augusta, Aug. 
25, 1887, E. C. Smith; VERMONT: Brandon, June 25, 1923, D. L. Dutton; NEW YORK: 
Geneva, June 21, 1882, E. L. Sturtevant: MASSACHUSETTS: Hampden Co., Sept. 15, 
1913, F. C. Seymour 90; PENNSYLVANIA: Sellersville, June, 1881, C. D. Fritz; 
WEST VIRGINIA: Pocahontas Co., June 16, 1896, W. M. Pollock; KENTUCKY: Barren 
Co., July 20, 1900, S. F . Price; ONTARIO: July 24, 1893, J. Fowler; IOWA: Lee Co., 
July 21, 1931, J . L . Fults 1506; MISSOURI: Marion Co., Aug. 13, 1913, John Davis; 
ARKANSAS: Mt. Mena, Oct. 1, 1898, Trelease; TEXAS: Buzzard Springs, 1875, J . 
Reverchon 386; ARIZONA: White Mts., Aug. 6-15, 1903, D. Griffiths 5342; IDAHO: 
Payette Lake, July 24, 1899, M. E. Jones 6374; WASHINGTON: Mt. Angeles, Aug. 2, 
1930, J . W. Thompson 5485. 
It may be noted that this form is somewhat more limited in distri-
bution than either of the forms typicum or hispidum. 
Galium boreale L. Sp. Pl. 108. 1753. 
In the course of this study some four hundred sheets of G. boreale L. 
were examined. The specimens fell into three previously described groups, 
based on fruit characters. Professor Fernald1 found the same to be true 
of material in the Gray Herbarium and the Herbarium of the New Eng-
land Botanical Club. Most of the material examined by the writer was 
from the Herbarium of the Missouri Botanical Garden, and is reported on 
primarily because it further extends the known ranges of the varieties. 
Galium boreale L. var. typicum. Material examined from Manitoba, 
Sask., Minn., Wisc., Ind., Ill., Ia., Nebr., S. Dak., N. Mex., Colo., Ut., 
Id., Wyo., Mont., Ore., Wash., Brit. Col., Alb., and Alas. 
Galium boreale L. var. intermedium DC. Material examined from 
N. Y., Vt., Conn., Mass., N. J., Penn., Del., W. Vir., Ohio, Ind., Ill., Mich., 
Wisc., Minn., Brit. Col., Ont., Alb., Mo., Ia., Nebr., S. Sak., N. Dak., Tex., 
N. Mex., Colo., Ut., Id., Wyo., Mont., Calif., Ore., Wash., Vancouver Isl., 
and Alas. 
Galium boreale L. var. hyssopifolium (Hoff.) DC. Material exam-
ined from N. Y., Mass., Wisc., Mich., Minn., Ill., Mo., Ia., and Wash. 
Considerable difficulty was encountered in drawing a clear line be-
tween the varieties typicum and intermedium. In many cases the speci-
men in question could be referred to either variety. The author, because 
of this difficulty, is inclined to regard the three varieties as forms at most. 
Since the original descriptions were drawn from European material, he 
hesitates to reduce these three varieties to forms without thorough study 
of additional European specimens. 
For aid in the preparation of the above paper the writer is deeply 
grateful to Dr. G. J. Goodman, Curator of the Iowa State College Her-
barium. He also wishes to thank Dr. J.M. Greenman for the loan of speci-
mens in the Herbarium of the Missouri Botanical Garden. 
1 Fernald, M. L., Rhodora, 30: 106-107. 1928. 
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The following list of snails and mussels was compiled from collections 
made by the author in and around Ames in the fall of 1940 at the times 
specified: (1) Campus of Iowa State College along Clear Creek and 
Squaw Creek, Sept. 30th; (2) Skunk River near Ames above the mouth 
of Squaw Creek, with Carl Riggs, Oct. 5th; (3) Central campus of Iowa 
State College, Oct. 9th; ( 4) Skunk River near Ames below the mouth of 
Squaw Creek, with Eric Isakson, Oct. 12th; (5) Squaw Creek, five miles 
north of Ames, near Gilbert, with Dr. E. R. Becker, Oct. 17th; (6) Clear 
Creek above the campus, Oct. 22nd; (7) Squaw Creek at the bridge cross-
ing Riverside Drive, Nov. 2nd. The study represents a portion of the re-
search of the author in the Graduate School of Iowa State College. In 
addition to the above mentioned who aided in the collecting, acknowledge-
ment is due Dr. C. J. Drake, head of the Department of Zoology and Ento-
mology for facilities, and to Dr. E. R. Becker for further aid and encour-
agement. Also all specimens have been left with Dr. Becker. 
The records contribute to the extension westward of the range of 
many of these species. The Ames area, as a transition region between 
the timbered valleys of eastern Iowa and the great plains of Nebraska, 
supports a correspondingly depauperate fauna as the species "taper off" 
westwardly. The records may be of later significance in interpreting 
biologic fluctuations in this area, particularly as such are affected by the 
innovations of man. As the second largest phylum in the animal kingdom, 
the Mollusca, itself economically unimportant, is of considerable import-
ance as a source of food for economically-important groups as fishes and 
game birds. Certain members of the Fossaria group in other regions har-
bor the economically-destructive fluke-parasites of sheep and cattle. 
Some aquatic mollusks are also efficient scavengers, aiding in the recov-
ery of streams from pollution. 
The species are numbered in systematic order under their respective 
categories. Localities in the list below are designated by arabic numerals 
in parentheses, which correspond to the numbers of the localities given 
above. To avoid confusion the number of specimens taken is given not 
as a numeral but as a written word. 
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Phylum MOLLUSCA (Linnaeus) Cuvier 
Class GASTROPODA CuvIER 
Subclass STREPTONEURA Spengel 
Order CTENOBRANCHIATA Schweigger 
Suborder PLATYPODA Lamarck 
Family VALVATIDAE Gray 
Genus Valvata Muller 
1. Valvata tricarinata (Say)- (7) , two. 
Family AMNICOLIDAE (Tryon) Gill 
Genus Amnicola Gould and Haldeman 
2. Amnicola limosa (Say)-(4), two; (2), three; (7), four. 
Genus Cincinnatia Pilsbry 
3. Cincinnatia cincinnatiensis (Anthony)- (2), two; (7), five. 
Family PoMATIOPSIDAE Stimpson 
Genus Pomatiopsis Tryon 
4. Pomatiopsis lapidaria (Say)- (7), four. 
Family PLEUROCERIDAE Fisher 
Genus Pleurocera Rafinesque 
5. Pleurocera acuta Raf.-( 4), eleven; (2), three. 
Subclass EuTHYNEURA Spengel 
Order PuLMONATA Cuvier 
Suborder STYLOMMATOPHORA A. Schmidt 
Family PoLYGYRIDAE Pilsbry 
Genus Mesodon Rafinesque 
6. Mesodon clausus (Say)-(1), four. The largest land snail found. Dr. 
Becker has specimens of larger species, Triodopsis multilineata (Say) 
and Mesodon zaletus (Binney) that he collected from timbered areas, 
now cleared, near Boone, Iowa. 
Genus Stenotrema Rafinesque 
7. Stenotrema monodon (Rackett)-(4), three; (2), eight; (7), seven. 
Some doubt the advisability of separating this species from fraterna. 
While intermediate specimens may occur in this territory, the two 
species are separable. Size and habitat differences (monodon is 
smaller and lives in lowland pastures along streams) are more con-
stant features than the open or covered condition of the umbilicus. 
At locality (7) the two species were separable, though living togeth-
er. 
8. Stenotrema fraternum (Say)-(1), three; (7), two; (6), one. 
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Family ZoNITIDAE Pfeiffer 
Genus Retinella (Shuttleworth) Fischer 
9. Retinella electrina (Gould)-Formerly Vitrea hammonis (Strom). 
(1), one; (6), five; (2), one; (7), four. 
10. Retinella indentata (Say)-(5), one; (6), four; (7), one. 
Genus Hawaiia Gude 
11. Hawaiia minuscula (Binney)-(6), three; (5), three; (2), one; (7), 
eight. 
Genus Zonitoides Lehmann 
12. Zonitoides arboreus (Say)- (5), ten; (6), sixty-two; ( 4), thirty-
three; (2), sixteen; (7), three. 
Family ENDODONTIDAE Pilsbry 
Genus Anguispira Morse 
13. Anguispira alternata (Say)-The tiger snail. (7), one juvenile. Dr. 
Becker has mature specimens from Boone, Iowa. 
Genus Discus Fitzinger 
14. Discus cronkhitei anthonyi (Pilsbry )- (7), six. 
Genus Helicodiscus Morse 
15. Helicodiscus parallelus (Say)-(5), four; (6), two; (2), one; (7), 
six. 
Genus Punctum Morse 
16. Punctum pygmaeum (Draparnaud)-The pygmy snail. (7), two. 
Family PuPILLIDAE Turton 
Genus Gastrocopta Wollaston 
17. Gastrocopta armifera armifera (Say)-(5), one; (6), two; (7), nine. 
18. Gastrocopta armifera similis (Sterki)-( 4), one. 
19. Gastrocopta armifera affinis (Sterki)- (6) , six; (7), five. 
20. Gastrocopta contracta (Say)- (6), ten; (2), two; (7), six. 
21. Gastrocopta corticaria (Say)- (5), three. 
Genus Pupoides Pfeiffer 
22. Pupoides marginatus (Say)- (6), two; (7), three. 
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Family STROBILOPSIDAE* 
Genus Strobilops Pilsbry 
23. Strobilops labyrinthica (Say)-(1), two. 
Family VALLONIIDAE* 
Genus Vallonia Risso 
24. Vallonia costata (Muller)- (7), two. 
Family CocHLICOPIDAE* 
Genus Cochlicopa (Ferussac) Risso 
25. Cochlicopa lubrica (Muller)- (6), two; (7), one. 
Family SuccINEIDAE Albers 
Genus Succinea Draparnaud 
26. Succinea avara (Say)-(6), three; (4), two; (2), two; (7), one. 
Family LIMACIDAE Lamarck 
Genus Deroceras Rafinesque 
27. Deroceras agreste (Linnaeus)-Formerly Agriolimax agrestis (L.) 
The European slug. (6), three; (3), one; (2), two; (7), two. 
Family ELLOBIIDAE H. and A. Adams 
Genus Carychitim Millier 
28. Carychium exiguum (Say)-(6), one. 
Suborder BASOMMATOPHORA A. Schmidt 
Family LYMNAEIDAE Broderip 
Genus Stagnicola Leach 
29. Stagnicola caperata (Say)- (7), two. 
Genus Fossaria Westerlund 
30. Fossaria obrussa (Say)-(6), nine; (2), one; (7), sixteen. 
Family PLANORBIDAE H. and A. Adams 
Genus Helisoma Swainson 
31. Helisoma antrosum (Conrad)-Formerly Planorbis bicarinatus Say. 
The bicarinate ram's horn snail.-(6), one; ( 4), five; (2), six; (7), 
twenty-three. 
• Author's name at present not available. 
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Genus Planorbula Haldeman (Segmentina Fleming) 
32. Planorbula crassilabris (Walker)-(2), one; (7), three. 
Genus Gyraulus Charpentier 
33. Gyraulus parvus (Say)- (6), one; (7), two. 
Family PHYSIDAE Dall 
Genus Physa Drapamaud 
34. Physa sayii Tappan- (2), two; ( 4), two; (7), seven. 
35. Physa gyrina Say-(2), one; ( 4), two; (7), eight. Dr. Becker has 
many specimens from Gilbert, Iowa. 
36. Physa integra Haldeman- (5), one; (6), four; ( 4), two; (7), ten. 
Class LAMELLIBRANCHIATA Blainville (PELECYPODA Goldfuss) 
Order PRIONODESMACEA Dall 
Family UNIONIDAE (d'Orbigny) Ortmann 
Genus Fusconaia Simpson 
37. Fusconaia flava (Rafinesque)-Formerly Quadrula rubiginosa 
(Lea). Creek-form of the pig-toe mussel. (5), two; (4), four. 
Genus Amblema Rafinesque 
38. Amblema plicata costata (Rafinesque)-Formerly the Quadrula un-
dulata of authors. The three-ridge. (5), five pairs of valves. 
Genus Lasmigona Rafinesque 
39. Lasmigona complanata (Bames)-Formerly Symphynota compla-
nata (Barnes). White heel-splitter. (4), one. 
Genus Anodonta Lamarck 
40. Anodonta grandis Say-Floater. (4), one. 
Genus Strophitus Rafinesque 
41. Strophitus rugosus pavonius (Lea)-Creek-form of the Squaw Foot 
Mussel. ( 4), two. 
Genus Carunculina Simpson 
42. Carunculina parva (Bames)-Formerly Lampsilis parva (Barnes). 
The Lilliput shell. ( 4), two paired valves and one unpaired valve; 
(2), one. 
Genus Ligumia Swainson 
43. Ligumia recta latissima (Rafinesque)-Formerly Lampsilis recta 
(Lam.) The river-form of the Black Sand Shell. (5), two. 
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Genus Lampsilis Rafinesque 
44. Lampsilis siliquoidea Barnes-Formerly Lampsilis luteola (Lam.) 
The river-form of the Lake Pepin mucket. (5), three male valves, 
one female; (4), three male valves. 
Order TELODESMACEA Dall 
Superfamily CYRENACEA Tryon 
Family SPHAERIIDAE Dall 
Genus Sphaerium Scopoli 
45. Sphaerium striatinum (Lamarck)-The striate seed-shell. (5), four 
unmatched valves; ( 4), sixteen unmatched; (2), ten unmatched; 
(7), five pairs, with young shells within adult valves. 
46. Sphaerium solidulum (Prime)-The solid seed-shell. (4), twenty-
two unmatched valves. 
Genus Musculium Link 
47. Musculium truncatum (Linsley)-The truncate seed-shell. (4), one 
valve. 
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Previous work on this subject has been reported by Harrelson, Nel-
son, Lowe, Dyme and Nelson (1). It is not necessary to review the litera-
ture concerning this investigation since the above article refers to essential 
papers bearing on the subject at hand. Annual reports (2) of the progress 
of this work have mentioned that the fundamental experiments which 
led to these studies were done by Fridericia (3) who first observed that 
hydrogenated whale oil, when mixed with fat containing vitamin A, 
caused destruction of this vitamin. The investigation herein reported was 
concerned primarily with the effect of treated fats upon vitamin A potency 
rather than upon vitamin A itself. 
EXPERIMENTAL AND DISCUSSION 
All of the experiments were performed on rats. With the exception 
of the animals employed for toxicity experiments, they weighed between 
45 and 60 gms. when placed on the various rations. The animals used for 
toxicity investigations were mature animals. All of the rats were ob-
tained from the stock colony maintained by the Chemistry Department at 
Iowa State College. The animals employed for the experimental work 
were placed in screen-bottom cages. Six rats, three males and three 
females, were placed in each lot. They were weighed weekly and cared 
for daily. The basal ration used in the tests, with the exception of the 
experiments on toxicity, consisted of the following: casein 200 gms., salts 
50 gms., yeast 100 gms., and dextrin 450 gms. The animals for toxicity ex-
periments received the growing ration which has been used successfully 
in this laboratory for many years and which is composed for the most part 
of naturally occurring food materials. Casein was prepared by washing 
the commercial product with a 0.15 per cent solution of acetic acid until 
it was free of vitamin A. The salt mixture was similar to that employed 
by McCollum and Davis ( 4) with the exception that it contained small 
amounts of copper and manganese salts and a small amount of potassium 
iodide. The yeast consisted of a dried product from Standard Brands, Inc. 
Dextrin was prepared by treating starch with a dilute solution of citric 
acid and subjecting the mixture to 15 pounds steam pressure for three 
hours in an autoclave. The butter employed in the experiments was 
obtained from the Dairy Industry Department at Iowa State College. 
Butterfat was prepared by heating the butter on a steam plate to the 
1 Journal Paper No. J-823 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 328. 
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melting point, after which the fat was promptly decanted from the curd, 
the salts, and the water. 
Previous work (1) had shown that certain fats when heated in a 
one-eighth inch layer and subsequently mixed with a vitamin-A-bearing 
oil destroyed this vitamin. This work was continued and additional fats 
were studied. The results are given in table 1. Four rations, similar to 
those employed by Fridericia (3), were used in this study: ration I con-
sisted of 800 gms. of the basal ration and 200 gms. of butterfat; ration II 
consisted of 900 gms. of the basal ration plus 100 gms. of butterfat; ration 
III was composed of 800 gms. of the basal ration plus 100 gms. of butterfat 
and 100 gms. of the fat undergoing investigation; and ration IV consisted 
of 800 gms. of the basal ration, 100 gms. of butterfat, and 100 gms. of 
the corresponding heated fat investigated. The heat treatment con-
sisted of subjecting a one-eighth inch layer of the fat to a temperature of 
102°C. to 105°C. for 24 hours. The butterfat and the fat tested were 
mixed .at temperatures slightly above the melting points of the two fats. 
Growth of the animals was normal on rations I and II. 
With the exception of one sax;nple of coconut oil (Exp. N) all of the 
heated fats inactivated butterfat. Heated Mazola, heated cod liver oil, 
and heated cottonseed oil inactivated cod liver oil (Exps. L, S, and W) ; 
heated open kettle lard, heated Laurel-leaf lard, and heated butterfat 
failed to do so (Exps. H, I, and T) . Heated soybean oil inactivated haliver 
oil (Exp. 2). The animals receiving the heated fats whiCh failed to inacti-
vate cod liver oil did not grow so well as the animals on the correspond-
ing unheated fats. This would seem to indicate a partial destruction of 
vitamin A activity. The experiments indicated that the vitamin A activity 
of cod liver oil was more resistant to the destructive action of heated fats 
than was that of butterfat. Furthermore, they show that various fats 
responded differently to the action of heat. It will be observed that all 
of the fats which, upon being heated, inactivated cod liver oil had iodine 
numbers of 100 or more, a value much higher than was possessed by those 
fats such as lard and butterfat, which upon heating failed to inactivate 
cod liver oil. The degree of unsaturation of the fat was not the only 
factor involved in its response to heat, since all but one of the animals 
receiving the heated cod liver oil (Exp. S) remained alive during the 
experimental period although they exhibited subnormal growth. On the 
other hand, those animals died which received heated Mazola (Exp. L) 
and heated cottonseed oil (Exp. W) , both of which were more saturated 
than cod liver oil. Five of the animals fed heated cod liver oil were living 
at the end of 19 weeks while the animals fed heated Mazola and heated 
cottonseed oil were all dead by the eighth and sixteenth weeks respec-
tively. The animals on heated cod liver oil had an average weight of 96 
gms. at 19 weeks as compared with an average weight of 219 gms. for the 
controls receiving the unheated cod liver oil (Exp. S). Further evidence 
that rancid oils destroyed vitamin A is presented by Experiment Z; pea-
nut oil, rancidified at room temperature, inactived butterfat. 
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Cod liver oil, forming one per cent of the diet, supplied sufficient 
vitamin A for a rather slow rate of growth of rats, provided other fats 
in the diet had not been previously heated. However, if heated lard 
formed ten per cent of the diet, such a concentration of cod liver oil failed 
to produce growth, and the animals died. Diets which contained ten per 
cent of heated lard were capable of supporting growth when greater con-
centrations of cod liver oil (2.5 per cent, 5.0 per cent, 7.5 per cent and 
10 per cent) were employed. However, growth of the animals fed the 
heated lard at each level of cod liver oil was slower than the growth ex-
hibited by the animals fed the unheated lard at corresponding levels of 
cod liver oil. The partial or complete inactivation of cod liver oil, brought 
about by heated lard, is dependent to a considerable extent upon oxida- . 
tion products of cod liver oil. Using heated-lard diets, it was found that 
an increase in the amount of cod liver oil beyond a certain concentration 
(five per cent) caused a decrease in growth. Apparently at the higher 
concentrations of cod liver oil the increased amount of decomposition 
products, which were formed in the cod liver oil, more than offset the 
beneficial effect of the extra vitamin supplied by this oil. 
Experiments were conducted upon products of fat hydrolysis to 
determine which components of the fat were so changed by heat as to 
bring about destruction of vitamin A activity. Stearic, palmitic, and 
oleic acids, as well as glycerol, were tested before and after heating in 
the usual manner (a one-eighth inch layer heated at 102° C. to 105° C. 
for 24 hours) . Heated oleic acid was the only one of these four substances 
which inactivated butterfat. This demonstrated that it was the 
unsaturated portion of a fat molecule which responded to heat as 
determined by its effect upon vitamin A activity. This was in agreement 
with the observation that the more unsaturated fats show a greater 
response to the action of heat. 
Experiments were made to determine the minimum amount of 
heated lard which would inactivate butterfat when the latter comprised 
ten per cent of the diet. Seven and one-half per cent of heated open 
kettle lard inactivated the butterfat, whereas five per cent of the heated 
lard failed to do so. Experiments were also performed to ascertain the 
.effect of the thickness of fat layer upon the response of the fat to heat; 
butterfat was employed as the source of vitamin A. Olive oil and 
Laurel-leaf lard were heated in layers of one-eighth, one-fourth and 
three-eighths inches thick. The controls received unheated fats. The 
effect of heat upon a fat is in roughly inverse proportion to the depth 
of the fat layer. The rats receiving the fats heated in the two tmnner 
layers died; whereas the animals fed the fats heated in a three-eights 
inch layer survived on the olive oil but succumbed on the Laurel-leaf 
lard. 
The reports of Anderegg and Nelson (5), Nelson, Jones, Adams, 
and Anderegg (6), and Marcus (7) upon the destructive action of finely 
divided solids on the vitamin A activity of cod liver oil suggested a 
TABLE 1. Effect of fats heated in a one-eighth inch layer (102°C.-105°C. for 24 hours) on vitamin A potency of butterfat, cod liver 
oil and haliver oil 
Trade 
Growth0 Xerophthalmiad 
name, Vitamin A 
Exp. Basic fat material description or source Unheated Heated Unheated Heated source• 
A. Olive oil ..................... Pompeian ....... ... ... .... ... + 0 6 B.F. 
B. Lard .... ........ .... .. ..... .. Laurel-leaf .. .. .... .. ......... + 0 1 B.F. 
c. Lard 
··· ····· ······ · · ····· ···· 
Commercial• . ..... ... ........ . + 0 6 B.F. 
D. Lard ....... ...... .... ........ open kettle (Wilson) ........ . + 0 2 B.F. 
E. Lard 
························· 
An. Hush. (l.S.C.) .... ... ..... + 0 5 B.F. 
F . Lard ......... ...... ..... .. ... An. Hush. (l.S.C.) ............ + 0 3 B.F . 
G. Lard ............ ....... .... .. An. Hush. (l.S.C.) ............ + 0 5 B.F. 
H. Lard ......................... open kettle (Wilson) ... ..... + + 0 0 C.L.O. 
I. Lard ....... .... .. ... ......... Laurel-leaf .... .. .... ........ + + 0 0 CL.O. 
J. Corn oil 
············ ······ ··· 
Mazo la 
····· ·· ·· ·········· ···· + 0 0 B.F. 
K. Corn oil ..................... Mazo la ....................... + 0 1 B.F.• 
L. Corn oil .......... ...... .... . Mazola ................ ....... + 0 0 C.L.O. 
M. Coconut oil .................. McKesson and Robbins + 0 3 B.F. 
N. Coconut oil ....... ... ....... . McKesson and Robbins + + 0 0 B.F. 
0. Coconut oil .................. McKesson and Robbins + 0 2 B.F. 
P. Coconut oil . .. .... ........... McKesson and Robbins + 0 4 B.F. 
Q. Cottonseed oil 
··············· 
Crisco ........................ + 0 5 B.F. 
R. Cod liver oil ....... ... ....... Squibb ... .... .... .. .. ........ + 0 6 B.F. 
s. Cod liver oil ................. Squibb ............. ...... .... + 0 0 C.L.O. 
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T. Butterfat ..... ....... ..... ... College .. . ...... .. . .... .. ... . . + + 0 0 CL.O. 
u. Butterfat .. .. . ... . ... .. ... . .. College .. .. ..... . .......... .. + 0 6 B .F. 
v. Cottonseed oil 
·· · ·· ·· ··· ····· 
Wesson 
···· · ··· · ··· ·· · ···· ··· + 0 0 B.F. 
w. Cottonseed oil . .. .... ........ Wesson .... .. ..... .. ..... ... . + 0 3 C.L.O. 
X. Palm oil ............ ..... .. .. Wilkens-Anderson 
······ ·· · ·· + 0 5 B.F . 
Y. Soybean oil . . .. ... .. . .. .... . . Wilkens-Anderson . .... .. .... + 0 0 B.F. 
z. Peanut oil (rancid) . .. ... .... Wilkens-Anderson . .. .. ... . .. 5 1 B.F. 
1. Peanut oil .. . .. . . .. .. . ..... .. Wilkens-Anderson .. .. . ... . .. + 0 2 B.F. 
2. Soybean oil ... . .... .. . ... .. .. Wilkens-Anderson 
· ·· ······· · + 0 4 H.O! 
3. Hydrogenated lard . . .... .. .. . Clix 
· ·· ·· · · ·· · ·· · · ··· · ·· ···· · + 0 6 B.F. 
4. Cottonseed oil . .. ........ . .. . Crisco . .... ................... + 0 0 B.F. 
5. Drip lard . .. . .. . ... . . ...... .. French Oil Machinery Co., 
Piqua, Ohio 
· ··· ·· ·· ·· ·· ·· + 0 5 B.F. 
• Commercial refers to purchase on the market. 
• B.F. refers to butterfat; CL.O. to cod liver oil; and H.O., to haliver oil. 
• + signifies that body weight increased steadily and - signifies that loss of weight occurred after different lengths of time and 
that usually the animals died. 
d Figures under xerophthalmia designate the numbers of animals showing symptoms of the disease; six animals were employed 
in each lot so that the remaining animals died without evidence of the disease. 
• The bottles containing the rations in this experiment were kept in a . refrigerator at l 0C. and only enough of the ration was 
taken out each day to feed the rats. 
' In this experiment, 2 gms. of haliver oil, 25 gms. of soybean oil, and 623 gms. of dextrin were employed instead of the usual 
amounts. 
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similar study upon butterfat. Such a study was conducted to ascertain 
to what extent, if any, destruction of vitamin A activity in heated-fat 
diets was brought about by ingredients other than the fats. Fuller's 
earth and Norit A in 25 per cent concentrations were added to butterfat. 
These mixtures were then used as 10 per cent of the ration. Both the 
butterfat containing the Norit A, and that containing the fuller's earth, 
as well as an untreated sample of butterfat, were stored for specified 
periods in a refrigerator (1 ° C.) prior to use. The basal ration fed the 
animals consisted of 550 gms. of dextrin, 200 gms. of casein, 100 gms. of 
yeast, and 50 gms. of salts. The negative control lot received no butterfat 
but was given 100 extra gms. of dextrin. 
Norit A and fuller's earth had very little effect upon the vitamin 
A activity of butterfat when they were mixed with this fat, the mixture 
stored in a refrigerator, and finally stirred with the basal ration and 
fed to the rats. The rations containing the mixtures which had been 
stored for eight months prior to use produced slower growth than 
those containing the mixtures stored for shorter periods; this effect was 
more pronounced with Norit A than with fuller's earth. Whereas 
the animals receiving 75 gms. of butterfat that had been stored for 
eight months possessed an average weight of 220 gms. at the end of the 
twelfth week, the rats receiving the butterfat-Norit A mixture and 
butterfat-fuller's earth mixture, also stored for eight months, weighed 
155 and 192 gms. respectively at the end of this same period. 
A study was made to ascertain whether the heated fats, when mixed 
with the vitamin-A-containing fat and fed apart from the basal mixture, 
would destroy vitamin A activity. The effects of heated Laurel-leaf lard 
on butterfat and heated cottonseed oil on cod liver oil were studied. 
Control groups received corresponding unheated fats simultaneously. 
The fats were mixed with an equal weight of the vitamin A source and 
stored in a refrigerator at 1° C. Enough of the fat solution was fed daily 
to equal 20 per cent of the food consumption. Heated Laurel-leaf lard 
destroyed vitamin A activity, but the action was slower than that 
observed when the mixed fats were incorporated in the basal mixture 
and kept at room temperature (table 1, Exp. B). The rats fed the 
heated lard and butterfat in the ration were all dead by the sixth week 
but none of the animals fed the solution of fats apart from the ration 
died before the eleventh week; all of the animals of this latter group 
were dead by the seventeenth week. Three of these animals exhibited 
xerophthalmia. Heated cottonseed oil inactivated cod liver oil only 
very slightly as compared with the effect of heated Laurel-leaf lard 
upon butterfat. The animals on the unheated-cottonseed-oil mixture 
averaged 197 gms. in weight at the end of 12 weeks, whereas five of the 
animals (one died) on the heated-cottonseed-oil mixture averaged 162 
gms. at that time. This effect differed from the results shown in table 1 
(Exp. W) where the fat solution (cottonseed oil-cod liyer oil) had been 
incorporated in the basal mixture and stored at room temperature. In 
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this latter experiment one rat died in the fifth week, and all succumbed 
by the sixteenth week. 
Another experiment was performed to determine the effect of 
heated fats upon vitamin A activity when the vitamin A source was fed 
separately. Control groups receiving unheated fats were used to check 
the animals on the corresponding heated fats. Butterfat was fed in 
dishes in amounts equivalent to 10 and 20 per cent of the total food 
consumption. The rats on the heated Laurel-leaf lard reached an 
average weight of 207 gms. at the end of the sixteenth week on the 10 
per cent butterfat level and an average of 173 gms. at the end of the 
sixteenth week on the 20 per cent butterfat level compared with average 
valus of 226 gms. and 271 gms. for the respective controls. 
Three groups of rats were fed commercial lard and butterfat along 
with the basal mixture. The animals receiving the lard and butterfat 
mixed in the basal ration averaged 217 gms. at the end of 13 weeks. The 
animals receiving the heated lard and butterfat in the basal diet died; 
whereas the animals receiving heated lard in the basal mixture while 
butterfat was fed separately weighed 171 gms. after 13 weeks. Like 
results were obtained when open kettle lard, Laurel-leaf lard and Clix 
were employed in similar experiments with butterfat as the source of 
vitamin A activity. It was apparent that vitamin A activity was des-
troyed when this vitamin-A-bearing fat was mixed in the heated-fat 
ration but only partial destruction of vitamin A activity or possibly no 
destruction at all occurred when the vitamin-A-bearing fat was fed apart 
TABLE 2. Effect af time of heating (one-eighth inch layer of fat at 102°C.-10S°C.) on 
the inactivating power of fats upon vitamin A potency of butterfat and 
cod liver oil as shown by growth rate ( + or - ) and number 
of rats exhibiting xerophthalmia (numerals). 
Length of heating time Vita-
· min A 
Exp. Fat Ohr. 8hrs. 16hrs. 24hrs. 48hrs. 72hrs. source• 
A. Lard (commercial) .. +o +o - 3 -6 B.F . 
B. Lard (open kettle) .. +o -5 -5 -2 B.F . 
c. Mazola ..... ... .... .. +o +o -0 -0 B.F . 
D. Mazola ...... .... .... +o +o -1 -1 B.F.b 
E. Crisco ·1· · . . . .. . .. . . +o +<1 -3 -5 B.F. 
F. Lard (open kettle) .. +o +o +o +o C.L.O . 
G. Mazo la ... ........... +o +o -0 - 0 C.L.O. 
H . Coconut oil ... ...... +o -2 -5 -1 B.F. 
I. Lard (Laurel-leaf) .. +o +o +o +o C.L.O. 
J . Lard (Laurel- leaf) .. +o -6 -3 -3 B.F. 
• B.F. stands for butterfat and C.L.O. represents cod liver oil. 
• The bottles containing the rations in this experiment were kept in a refrigerator 
at 1°C. and only enough of the ration was taken out each day to feed the rats. 
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from the heated-fat-ration. However, heated Laurel-leaf and open 
kettle lards only slightly inactivated butterfat when the rations were 
mixed daily. 
Fl,lrther experiments were conducted to evaluate the effect pro-
duced by heated fats when fed to rats and the action of such fats upon 
vitamin A activity. Rats fed diets in which heated fats such as lard, cod 
liver oil, or butterfat supplied the only fat did not succumb any sooner 
than those that were fed on a diet free of fat and vitamin A. Whipple (8) 
had found that rats receiving oxidized fats grew at about the same rate 
as the fat-free controls and developed symptoms very similar to those 
of fat deficiency disease; their length of life was longer than that of tlle 
animals fed the fat-free diet. 
Open kettle lard autoclaved at 15 pounds pressure for 15 minutes 
in a one and one-half inch layer failed to inactivate butterfat. This 
process failed to affect the lard in so far as its response to subsequent 
heat in thin layers at 102° C. to 105° C. was concerned. Lard heated at 
this temperature, in a layer one and one-half inches thick, did not 
inactivate butterfat. 
Studies were also made of the effect of duration of heating at 102° C. 
to 105° C. upon the ability of the heated fat to inactivate cod liver oil 
or butterfat. The data are recorded in table 2. The response of a fat 
to heat treatment increased with the length of heating time. Fats varied 
in the degree of response to length of time of heating (compare Exps. A 
with B, and F with G) . Although heated Mazola inactivated butterfat 
no more effectively than other fats heated for equivalent lengths of 
time (Exps. A, B, C, D, and E) it was more potent in the destruction 
of vitamin A activity of cod liver oil than was lard (Exps. F, G, and I). 
Heating fats longer than 24 hours did not alter their destructive capacity. 
Although heated lard failed to inactivate cod liver oil, the animals upon 
this fat did not grow as well as the controls which received the unheated 
fat. This decrease in growth regularly became more pronounced as the 
fat was heated for greater intervals of time until a minimum rate of 
growth was attained. Further heating did not reduce the rate of growth 
of the animals. In Exp. I, table 2, at the end of 12 weeks, the rats upon 
the fat heated for 24, 48 and 72 hours averaged 102, 101 and 100 gms. in 
weight respectively. Mazola heated for 16 hours inactivated cod liver 
oil; whereas lard heated for 72 hours did not inactivate this liver oil. 
Previous data (1) on the effect of baking on the vitamin A content 
of cookies containing different fats were consistent when egg yolk was 
employed as the source of vitamin A, but they were contradictory and 
difficult to explain when butter supplied this vitamin. Consequently, a 
series of experiments with butter cookies was performed again. The 
cookies and rations were the same as given in the previous paper (1), 
but the baking temperature was 191 °C. There was no evidence of 
the destruction of vitamin A activity in any of the cookies containing 
butter alone or butter and some other fat such as lard, Crisco or Clix. 
TABLE 3. Relation of type and concentration of anti-oxygen and kind of fat on efficacy of anti-oxygenic activity as shown by growth 
rate(+ or-) and number of animals exhibiting xerophthalmia (numerals)". 
Unheated Heated 
Exp. Anti-oxygen Fat 0 1 5 10 0 0.025 0.1 0.5 1 5 10 20 
-· -
A. Wheat germ oil lard +o +o -2 -1 -6 -2 -5 
(open kettle) 
B. Egg oil . ... .. lard 
(open kettle) +o 
-2 -3 -2 -2 +o 
c. Soya flour .. . . lard 
(Laurel-leaf) +o 
-1 -3 
D. Fuller's earth lard 
(Laurel-leaf) +o +o 
-1 -5 
E. Egg yolk .. ... lard 
(open kettle) +o +o 
-2 -5 
F. Thymol . ..... lard +o (open kettle) +o 
-2 -4 -3 +o +o 
G. Thymol ..... . Mazola +o +o -0 -0 
H. Thymol .. ... . Mazola +o +o +o -0 -2 -4 
I. Thymol ... ... Soybean oil +o +o +o -0 -0 -4 
• The italicized figures represent the percentage of anti-oxygen in the fat. The fat solution of the anti-oxygen comprised 
ten per cent of the diet. A one-eighth-inch layer of the material (fat or fat anti-oxygen solution or mixture) was heated at 102°C. 
to 105°C. for 24 hours. 
The fats in table 3 were also used in experiments of table 1. 
Butterfat was used as a source of vitamin A in these experiments. 
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Experiments were next conducted with anti-oxygens. The data 
are recorded in table 3. Anderegg and Nelson (5) had shown in 1926 
that wheat germ oil protects cod liver oil in skimmed milk powder diets. 
These authors stated: "Addition of ethly alcohol, wheat oil, or water to 
such mixtures exerts a protective action. Skimmed milk powder diets, 
upon which rats are sterile, were so changed by the addition of water 
and administering the cod liver oil separately that fourth generation 
young have now been obtained." Mattill (9) verified these results and 
also showed that the susceptibility of butter to oxidation was decreased 
by a trace of wheat germ oil. The results of their experiments led 
Anderegg and Nelson (5) to believe at that time that the existence of 
vitamin E was highly improbable. Because of the protective action of 
wheat germ oil as shown by the experiments of Anderegg and Nelson 
(5), it was believed that this oil might prevent the production of dele-
terious properties in lard when subjected to heat. In our own ex-
periments it was found that wheat germ oil in 20 per cent concentration 
was ineffective as an anti-oxygen with lard. However, it possessed 
anti-oxygenic properties even at a 10 per cent level under less drastic 
oxidative conditions (table 4). Experiment B, table 3, showed that egg 
oil was ineffective at a concentration of 10 per cent but was effective at 
a level of 20 per cent. Soya flour, fuller's earth, and egg yolk in 10 
per cent concentrations failed to protect lard against the heat treatment. 
Thymol was an effective anti-oxygen with lard in a 0.5 per cent con-
TABLE 4. The effect of the length CYf heating time upon the anti-oxygenic activity 
of wheat germ oil• 
Ohours 6hours 12hours 18hours 24hours 
--
I. Lard .... .. .. 242(15) 210 (15) 97(6-9)5 61(6-9)6 69(5-10)2 
II. Lard-wheat 
germ oil 
solution .. ... 237 (15) 251 (15) 223(15) 61(6-9)6 74(6- 9)2 
-
• The lard-wheat germ oil solution consisted of 90 per cent lard and 10 per cent 
wheat germ oil. The three groups of rats upon lard I-6, I-12 and I-18 received 90 
gms. of the heated lard whereas all the other groups received 100 gms. of fat. These 
three groups received an additional 10 gms. of dextrin. 
The numbers in tables 4, 8, 9, 10, 11, 12 and 13 have the following meaning: An 
expression which contains parentheses enclosing only a single number indicates 
that all of the rats survived and grew. This single number represents the length 
of the experiment in weeks, and the number preceding the parentheses represents 
the average weight of the six rats at the termination of the experiment, for example, 
178 (11) signifies that the average weight of the animals at the end of the eleventh 
week was 178 gms. An expression which contains parentheses enclosing two num-
bers joined by a hyphen indicates that all of the rats died. The number preceding 
the parentheses represents the average weight of the rats at the last weighing be-
fore death, and the enclosed numbers give the weeks in which the first and last 
deaths occurred; the digit following the parentheses refers to the number of animals 
which exhibited xerophthalmia. For example, 62(6-8)5 means that all the rats died, 
that their average weight at the last weighing prior to death was 62 gms., that the 
first death occurred in the sixth week and the last one in the eighth week, and 
that five rats showed fiY.mptoms of xerophthalmia. 
In the experiments of table 4, butterfat was used as a source of vitamin A. 
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centration (Exp. F) but five per cent was insufficent to protect eithrer 
Mazola or soybean oil against heat (Exps. H and I). It may be observed 
that Mazola and soybean oil were not protected by five per cent of 
thymol while lard with a lower iodine number was protected against 
heat by a concentration one-tenth as great (0.5 per cent). The protective 
action of thymol with lard was diminshed by extending the heating time; 
whereas the rats fed the one per cent lard solution of thymol which had 
been heated for 24 hours had an average weight of 224 gms. at the end 
of the twelfth week, the rats receiving a similar solution which had 
been heated for one week averaged only 156 gms. at the end of the 
same period. 
Experiments were made to ascertain whether or not heated fats 
were toxic. Fridericia (3) and Powick (10) had concluded from feeding 
experiments that heated fats were not toxic. Fats were treated like those 
employed in the feeding tests, that is, they were maintained in a layer, 
one-eighth inch thick, for 24 hours at 102° C. to 105° C. The fats either 
at room temperature or at the minimum temperature necessary to main-
tain a liquid condition were injected intraperitoneally into rats weighing 
TABLE 5. Effect of heat upon the toxicity of fats with and without thymol as shown by 
the number of rats that died in the week after the injection• 
Un-
Per- heated Heated• 
Exp. Fat 
centage 
thymol 10 cc.b lOcc. Sec. 6cc. 4cc. 2 cc. 
1. Mazo la 
..... .. ····· 0 0 9 10 9 3 
2. Mazo la ............ 1 0 9 1 
3. Mazo la ..... .... .. . 5 10 6 
4. Soybean oil .. .... 0 0 7 2 4 
5. Soybean oil 
······ 
5 3 
6. Cod liver oil ..... 0 0 10 10 10 10 2 
7. Cod liver oil 
····· 
1 0 10 10 10 8 1 
8. Lard (open kettle) 0 0 9 10 8 3 
9. Lard (open kettle) 1 2 4 
10. Coconut oil ...... 0 0 10 
11. Peanut oil (rancid) 0 2 9 7 6 
12. Butterfat ......... 0 0 6 6 6 3 
13. Cottonseed oil .... 0 0 10 10 5 
14. Lard (Laurel-leaf) 0 0 10 8 4 0 
15. Olive oil 
·········· 
0 0 6 0 1 3 
• Ten rats were employed at each level of fat injection. 
b Number of cc. of fat or fat-thymol solution that was injected. 
• A one-eighth-inch layer of the fat was heated at 102°C.-105°C. for 24 hours. 
200 H. C. DYME, P. MABEL NELSON, BELLE LOWE, AND V. E. NELSON 
between 200 and 300 gms. The animals were given the usual growing 
ration which has been used successfully in this laboratory for many 
years. The number of rats which succumbed in one week was taken as 
a measure of the toxicity of the fats. The data are given in table 5. 
The control animals received an intraperitoneal injection of 10 cc. of 
unheated fat; the heated fat was injected at levels of 10 cc., eight cc., 
six cc., four cc., and two cc. Ten rats were employed at each level of fat 
injection. The data show.ed that heated fats were toxic to rats and in 
some cases markedly so. Unheated fats were not toxic to rats, but a 
sample of peanut oil which was definitely rancid, organoleptically and 
by the Kreis test, prov,ed slightly toxic. The toxicity of this rancid 
peanut oil was markedly increased by heating. Since thymol proved 
a good anti-oxygen with lard, tests were made with this substance to 
determine its effect upon the development of toxicity by heat in fats. 
The thymol was dissolved in the fat, and the fat-thymol solution was 
heated in a thin layer at 102° C. to 105° C. for 24 hours. The control 
animals received unheated fat-thymol solutions; whereas the others 
received the corresponding heated fat-thymol solutions. A one per cent 
solution of thymol in lard was slightly toxic, but the same concentration 
of thymol in Mazola and cod liver oil was not toxic. All of the rats 
receiving 10 cc. of a five per cent solution of thymol in Mazola died 
within fifteen minutes after the injection. One per cent of thymol in 
fats seemed to have a slight protective action against heat. Heated 
and unheated solutions of one per cent of thymol in lard were non-toxic 
when employed in the feeding experiments (Exp. F, table 3). The 
unheated solutions of five per cent thymol in soybean oil and in Mazola 
were non-toxic when fed (Exps. H and I, table 3). 
Experiments were performed to determine the toxicity of stored 
fats. The results are recorded in table 6. Mazola and lard which had 
been stored at room temperature were definitely rancid (positive Kreis 
test), but were not toxic when injected intraperitoneally; fats may be 
definitely rancid as determined by the Kreis test and yet be non-toxic 
to rats. All of the fats gave a positive Kreis test following storage at 
room temperature (24° C. to 30° C.), but of the fats stored in the 
refrigerator (1° C.) cod liver oil alone reacted positively to this test. 
Cod liver oil, stored either at room temperature or at refrigerator 
temperature, was toxic to rats while none of the other fats (lard, butter-
fat, Mazola) similarly stored proved toxic to the animals. 
The difference in unsaturation of corn oil and cod liver oil hardly 
seemed great enough to account for their different response to storage. 
However, the types of acids which account for the unsaturation in the 
two fats are different; oleic and linoleic acids are responsible for most 
of the unsaturation of Mazola while cod liver oil contains in addition 
to these acids other highly unstable acids. Corn oil contains inhibitols 
while cod liver oil is practically devoid of such substances. Thus, 
although the susceptibility of a fat to oxidation was somewhat dependent 
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TABLE 6. Effect of storage upon toxicity of different fats as shown by rats that died 
in the week after injection• 
Number of rats dead in one week 
Stored at Stored at 24°-30°C. Number 
Fat l °C. of days 
10 cc." lOcc. 4cc. 2 cc. stored 
Cod liver oil ....... . 10+· 479 
10+ 462 
s + 550 
2+ 562 
Mazo la ... ..... .... .. 0- 496 
o+ 514 
Lard ......... ...... .. 0- 540 
o+ 520 
Butterfat . ... ... .... . 0- 494 
o+ d 495 
• Ten rats weighing between 200 and 300 gms. were employed at each level of 
injection. 
• The number of cc. which were injected intraperitoneally into the rats. 
• The + (positive) and - (negative) signs refer to the reaction of the fats to the 
Kreis test. The Kreis test was conducted upon a 1: 19 solution of the fats in mineral oil. 
4 The Kreis test in this fat was only very slightly positive. 
upon its degree of unsaturation, it was markedly affected by certain 
other properties of the fat such as the kind of acids responsible for the 
unsaturation and the presence of anti-oxygens. In cod liver oil, both of 
these factors, instability of the constituents and lack of anti-oxygens, 
were responsible for the rapid decomposition of the oil. Lard, although 
it contained almost no inhibitols, was less easily decomposed because 
its fatty acids were fairly stable. Mazola, although highly unsaturated, 
contained sufficient inhibitols to preserve it. The oxidative conditions 
in the heating experiments were sufficiently drastic to mask these 
differences; all four of the fats (lard, Mazola, butterfat, cod liver oil) 
when heated inactivated butterfat, and both heated Mazola and heated 
cod liver oil inactivated cod liver oil. This was to be expected since 
Mazola is highly unsaturated; thus as soon as the anti-oxygenic activity 
was destroyed by heat, Mazola became sufficiently oxidized to inactivate 
cod liver oil. Butterfat and lard failed to inactivate cod liver oil, when 
similarly heated, because they are far more saturated than the corn oil. 
It was decided to subj.ect the two highly unsaturated fats, Mazola 
and cod liver oil, to other mild oxidative conditions to obtain further 
information about the factors involved in determining the susceptibility 
of fat to oxidation. The fats were oxidized by bubbling a stream of dry 
air through them at room temperature, and then the oxidized fats were 
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injected intraperitoneally into rats. Air was dried by bubbling it through 
concentrated sulfuric acid. 
Dry air oxidized cod liver oil far more readily than it oxidized 
Mazola; the latter oil, aerated for one week, did not turn rancid (nega-
tive Kreis test) or become toxic; whereas the former oil, when aerated 
for this length of time, became definitely rancid (positive Kreis test) 
and toxic. Apparently the mild oxidative measures were sufficient to 
affect the unstable acids found in fish liver oils but failed to oxidize the 
unsaturated acids present in Mazola. The data supplement the results 
of the previous experiments upon the toxicity of stored fats. Cady and 
Luck (11) observed that sulfur dioxide rapidly and completely inacti-
vated cod liver oil but did not affect the vitamin A activity of alfalfa 
and only lessened the vitamin A activity of butterfat. It was therefore 
evident that different sources of vitamin A activity responded differently 
to the same chemical treatment. The vitamin A activity of cod liver oil 
was far more resistant to the destructive action of heated fats but was 
destroyed much more easily by finely divided solids than was the 
vitamin A activity of butterfat. 
Experiments were performed to determine the effect of heat upon 
the esters of oleic acid. The methyl and ethyl esters of this acid were 
heated and then tested for toxicity by intraperitoneal injection into rats 
weighing between 200 and 300 gms. Ten rats were employed at each 
level of injection. Following the injection the rats were maintained for 
a week upon the growing ration and the number of animals which died 
in this period was taken as a measure of toxicity. The results are 
recorded in table 7. The esters were also tested for rancidi~y by the 
Kreis test. The esters gave a negative Kreis test but reacted positively 
to this test following heating. Whereas injections of 10 cc. of the esters 
were not toxic to the rats, injections of one cc. of the heated esters 
proved definitely toxic. The heated esters were far more toxic than the 
heated fats (table 5) . 
Whereas all the rats injected with 10 cc. of heated Mazola sue-
TABLE 7. Effect of heat upon toxicity of esters of oleic acid as shown by the number 
of animals that died in the week after injection" 
Number of rats dead in one week 
Unheated Heated• 
Ester lOcc. 2 cc. 1 cc. 0.4 cc.° 
----
Methyl oleate ... ..... 0- 9+ 7+ o+ 
Ethyl oleate ........ .. 0- 9+ 
•The + (positive) and - (negative) signs refer to the reaction of the esters to 
the Kreis test. This test was conducted upon a 1: 19 solution of the esters in mineral 
. oil. Ten rats weighing between 200 and 300 gms. were injected at each level. 
•Heated-maintained at 102°C.-105°C. in a one-eighth-inch layer for twenty-
four hours. 
• '.fhe number of cc. which was injected intraperitoneally. 
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cumbed, only four of the animals died when the same amount of this 
heated oil was given by way of stomach tube. A similar result was ob-
tained with heated ethyl oleate; one cc. killed the rats upon intraperi-
toneal injection, but two cc. failed to kill any of the animals when 
introduced by way of stomach tube. The rats receiving heated Mazola 
or heated ethyl oleate by way of stomach tube invariably had a portion 
of their stomach wall discolored but were otherwise normal. The death 
of the four animals receiving the heated Mazola by way of stomach 
tube was not brought about by the volume of the oil since the rats 
given an equal amount of the unheated Mazola by the same process 
remained alive and were normal in all respects. 
Experiments were conducted to ascertain if regeneration of the 
heated fats was possible. Fiero (12) had renovated rancid coconut oil 
by agitation with clay but had failed to produce a similar result in 
rancid lard. Experiments were therefore performed to determine 
whether stirring heated Mazola with fuller's earth would regenerate 
the fat. Fuller's earth was added to a number of portions of heated 
Mazola in an amount equal to one-tenth of the weight of the fat. The 
mixtures were stirred by motor for three hours and 30 hours, filtered, 
and the filtrate employed in the rations. Both the heated and unheated 
fats were treated in the same manner. The ration fed the rats consisted 
of the normal basal mixture plus 100 gms. of butterfat, and 100 gms. 
of the filtered Mazola. Stirring heated Mazola for 30 hours with fuller's 
earth failed to regenerate the fat; the rats fed this fat exhibited vitamin 
A deficiency. Heated Mazola stirred for three hours with fuller's earth 
was still toxic when injected intraperitoneally into rats. 
Lease, Lease, Weber, and Steenbock (13) lowered the inactivating 
potency of rancid fats by heating them in an atmosphere of nitrogen. 
However, experiments H and J, table 2, indicate that further heating 
of heated fats in air failed to reduce their inactivating power. 
Roschen and Newton (14) restored the palatability of rancid lard 
by blowing steam through it and thus removing the volatile products 
of oxidation, which were responsible for the rancid odor and taste. An 
attempt was made to regenerate heated Mazola by steam distillation. 
The heated and unheated fats were steam distilled for two hours. The 
fat was decanted, filtered, and the filtrate employed for the tests. 
Steam distillation failed to regenerate heated Mazola; the heated fat 
inactivated butterfat after the steam distillation as well as it did before 
the treatment. 
Stephan (15) derancidified fats by treating them with semicarbazide 
hydrochloride (NH2 ·CO· NH· NH2 • HCl) and filtering them. The filtrate 
gave a negative Kreis test. An attempt was made to regenerate heated 
fats by this method. The heated fat, Mazola, was stirred with one gm. of 
semicarbazide hydrochloride and 0.4 gm. of sodium stearate per 100 gms. 
of fat for 10 hours at 50° C. The fat was then filtered. The filtrate still gave 
a positive Kreis test and was toxic to rats when injected intraperitoneally. 
·' 
l 
.. 
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A sample of Mazola that had become rancid upon standing at room tem-
perature also remained positive to the Kreis test after treatment with 
semicarbazide hydrochloride. This latter fat was non-toxic both before 
and after the treatment. In another experiment the treatment with semi-
carbazide hydrochloride was modified by stirring the mixture at the boil-
ing temperature of water for 10 hours. Following this treatment heated 
Mazola gave a negative Kreis test and was non-toxic when injected intra-
~ peritoneally into rats. Heated cod liver oil also reacted negatively to the 
Kreis test following the treatment with semicarbazide hydrochloride at 
100° C., but it was still somewhat toxic to rats when injected intraperi-
toneally. Apparently the treatment reduced the toxicity of the heated cod 
liver oil considerably. Both heated Mazola and heated cod liver oil became 
very viscous upon being treated with the semicarbazide hydrochloride at 
100° C. The modified semicarbazide hydrochloride treatment did not de-
stroy the vitamin-A-inactivating power of either of the heated oils. It was 
thus apparent that the substances responsible for the toxic properties of 
heated fats were different from the substances responsible for the ability 
of these fats to inactivate vitamin-A-bearing oils. The former are alde-
hydes or ketones while the latter are neither aldehydic nor ketonic. 
Experiments were made to determine the effect of feeding soybeans 
to hogs upon the susceptibility of the lard to oxidation and rancidity. A 
number of lards prepared from hogs which had been fed varying amounts 
of soybeans were supplied by Professor F. J. Beard of the Animal Hus-
bandry Department. The lards were tested on rats. The "soybean" lards 
were fed to rats to determine whether the lards from hogs fed rations high 
in soybeans (16) were any more susceptible to oxidation and rancidity 
than the lards from the hogs receiving diets containing little or no soy-
beans. The ration fed the rats consisted of the normal basal mixture plus 
100 gms. of butterfat and 100 gms. of the lard. The data are recorded in 
table 8. 
TABLE 8. Growth of rats fed lards (heated in a one-eighth-inch layer at 102°C.-105°C. 
for 24 hours) from soy-bean fed hogs -
-
Weight of rats in grams Iodine 
value of 
Diet of hogsb Unheated Heated the lard 
1. No protein supplement . .......... .. ... 229 (12) . 68.87 
2. Meat meal tankage . ...... .... .... ..... 217(12) 67.91 
3. Cracked soybeans . .. ... .... .. ... .. .... 220(12) 78.76 
4. Grain mixture A . ...... .... .. .... ..... 216(12) 72.98 
(5 percent cracked soybeans) 
5. Grain mixture B . ... ... ........ ... ... . 223(12) 79.99 
(10 percent cracked soybeans) 
6. Grain mixture C . .. ....... ... ..... .... 205(12) 54(5-6)5 85.25 
(20 percent cracked soybeans) 
7. Grain mixture D . .. ... .. ............. 231 (12) 63(4-6)3 71.92 
(10 percent soybean oilmeal) 
8. Grain mixture E (9.9 percent soybean 195 (12) 57 (5-5)5 79.17 
oilmeal + 1.3 percent soybean oil) 
9. Same as number 1 . .. ... ...... .... .. .. 226 (12) 
• F or the meaning of the numbers see explanation to table 4. 
b Details given in Animal Husbandry Leaflet No. 150, Iowa State College. 
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TABLE 9. The effect of temperature and duration of storage upon open kettle lard 
Exp. Storage treatment 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Control . . ... .......... . ... ........................ . ... . ... . 
Stored at 25°C. for one week ............................... . 
Stored at 25°C. for two weeks ............ . ..... . ... . ... . .. . 
Stored at 25°C. for four weeks ............................ . 
Stored at 39°C. for one week ...... . .. ... ......... .......... . 
Stored at 39°C. for two weeks ............................ . 
Stored at 39°C. for four weeks . ... . . ...................... . 
• For the meaning of the numbers see explanation to table 4. 
b Average weight of five rats. (One rat died.) 
Weight of rats 
221(12)• 
203 (12) b 
220 (12) 
203(12) 
226 (12) 
225 (12) 
201 (12) 
Whereas Lea (17) had found that the susceptibility of lard to oxida-
tion differed greatly even when changes in iodine value were scarcely 
discernible, the results obtained in the experiments recorded in table 8 in-
dicated that, although the iodine values of lard increased, the suscepti-
bility of the fat to oxidation when mixed in the ration was not increased 
significantly. It is to be understood that only one kilogram of ration was 
prepared at a time and when this was consumed another kilogram quantity 
was prepared, etc. Although lard number 8, as well as the mixed ration 
containing this lard, tended to become rancid, the increased susceptibility 
of this fat to oxidation cannot be attributed solely to its greater unsatura-
tion since this lard did not possess the highest iodine value. Thus although 
soybean oil and cod liver oil are of a somewhat similar degree of unsatur-
ation, a change in iodine value of lard brought about by feeding soybeans 
did not affect the susceptibility of the fat to oxidation as much as a change 
brought about by feeding cod liver oil as reported by Lea (17). Therefore 
the susceptibility of lard to oxidation depended upon other factors be-
sides unsaturation. The results obtained with the heated lards (Exps. 6, 7, 
and 8, table 8) did not shed any light on the matter of susceptibility to oxi-
dation since the treatment which was employed proved sufficiently drastic 
to produce inactivating ability in all the three fats tested. 
A study was made of the effect of temperature and duration of storage 
on lard. Wilson's open kettle lard was stored under the conditions des-
cribed in table 9. Following this treatment the fat was placed in a refrig-
TABLE 10. Effect of various concentrations of thymol in preserving open kettle lard 
Average Time of storage 
weight of at 24°C.-30°C. 
Exp. Fat-thymol solutions rats in grams in days 
A Lard ..... .. ..... ..... ........ ............ 217 (12) • 525 
B, Lard containing 1 percent thymol ...... .. 216(12) 525 
B2 Lard containing 0.5 percent thymol ...... .. 199 (12) 529 
B, Lard containing 0.1 percent thymol ...... 197(12) 529 
B, Lard containing 0.025 percent thymol .... . 170(12) 529 
c Lard ..... .. ...... ..... ...... ........ ..... 204(12) 529 
• For meaning of the numbers see explanation to table 4. 
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TABLE 11. Effect of aerated fats upon vitamin A activity of butterfat• 
Average weight of rats in grams 
Fat Unaerated Aeratedb 
- -------+--------+--------
Mazola ...... ..... .. . . .. _ . . _ .... .... . _ .. . . . . 
Cod liver oil .. .. . . . . ....... .. - . ... . . - . . - . - . 
230 (12) 
195 (12) 
• For the meaning of the numbers see footnote to table 4. 
231 (12) . 
178(12) 
b Aerated-a steady stream of dry air (passed through cone. H,SO. ) was bubbled 
through the fat for 24 hours at room temperature. 
• Average of five rats. 
erator at the same temperature as that employed in storing the control 
portion, namely 1 ° C. The ration fed the rats consisted of the normal basal 
mixture plus 100 gms. of butterfat and 100 gms of lard. The results are 
given in table 9. The lard that had been stored for four weeks at 39° C. 
did not have a detrimental effect upon the vitamin A activity of butterfat 
when these two fats were melted, mixed, and the mixture incorporated in 
the ration. 
A study was made of the preservative action of thymol for lard stored 
at room temperature (24°C. to 30°C.). The fat (Wilson's open kettle lard) 
was melted and divided into a number of portions into each of which a 
definite weight of thymol was dissolved by stirring. The concentrations of 
the solutions are designated in table 10 wherein the data are recorded. The 
solutions were then stored in closed glass containers at room temperature. 
TABLE 12. Time of anti-oxygenic action relative to heat treatment of open kettle 
lard shown by weight of rats• 
Exp. No. Substance tested 
1. Lard-thymol solutionb .. .. - .. ... ... . .. .. . . ....... . 
2. Heated lard-thymol solution ... . . _ . . _ .. ...... . .. . 
3. Heated lard ... .. . .. ...... . ...... .. .. _ . _ . _ . _ . . . . 
4. Heated lard plus one percent thymol ........ _ .. . 
• For the meaning of these numbers see footnote to table 4. 
Average weight 
of rats in grams 
215 (12) 
224(12) 
69(5-10)2 
93(5-17)4 
b A one-eighth-inch layer of the fat or fat-thymol solution was heated at 102°C.-
1050C. for 24 hours. The lard-thymol solution consisted of 99 per cent Wilson's open 
kettle lard and one per cent thymol. In Experiment 4 the thymol was added after 
the heat treatment. 
The ration fed the rats consisted of the normal basal mixture plus 100 gms. 
of butterfat and 100 gms. of lard or lard solution. The lard used in experi-
ment C was stored at 1° C. during the entire time. The nutritive value of 
the lard, evaluated by feeding the fat to rats in the above described diet, 
was not diminished by storing it in closed glass containers at room tem-
perature for 525 days (Exp. A, table 10). The melting and stirring process 
employed to dissolve thymol in the lard rendered the fat slightly more 
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TABLE 13. Effect of water upon the destructive power of heated open kettle lard" 
Average weight of rats in grams 
Exp.No. Quantities of lard and water Unheated Heated 
1. 100 gms. lard ... ... ... ... .. .... ... 238(14) 69(5-10)2 
2. 100 gms. lard and 100 cc. water . . .. . 214(14) 71(6-14)3 
• For the meaning of these numbers see footnote to table 4. A one-eighth-inch 
layer of the lard was heated at 102°C.-105°C. for 24 hours. 
susceptible to oxidation during subsequent storage, because the rats fed 
the lards containing 0.5 per cent, 0.1 per cent, and 0.025 per cent of thymol 
(Exps. B2, B3, and B4) did not grow so well as those receiving the lard 
stored without any thymol. This latter fat had not been subjected to either 
melting or stirring prior to storage. One per cent concentration of thymol 
proved sufficient to protect the lard against the oxidation induced by stir-
ring and melting (Exp. B1 ) ; the rats receiving this lard grew as well as 
those fed the unstirred and unmelted lard in Experiment A. 
Experiments were conducted to ascertain the effect of aeration upon 
TABLE 14. Effect of heat and storage on the quantity of free fatty acids• 
No. hours No. 
Free fatty acids" . 
Fat heating days stored Before storage After storage 
1. Lard (commercial) ... .. . 0 88 0.28 0.55 
8 55 0.49 0.56 
16 46 1.01 1.08 
24 55 3.58 3.63 
2. Lard (open kettle Wilson) 0 85 0.33 0.32 
8 79 0.61 1.79 
16 85 1.84 3.09 
-
24 85 1.51 3.31 
3. Lard (Laurel-leaf Wilson) 0 86 0.46 0.64 
8 80 1.07 2.19 
16 85 1.82 2.50 
24 85 2.49 3.90 
4. Mazola .......... .... .... 0 50 0.38 0.26 
8 50 0.41 0.70 
16 46 1.97 2.22 
24 46 2.44 3.25 
• Fats were heated by maintaining a one-eighth-inch layer at 102°C.-105°C. Stor-
age temperature was 1 °C. 
•The free fatty acids are expressed in percentage as oleic acid. 
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fats as determined by the subsequent action of the aerated fats on the 
vitamin A activity of a properly balanced diet. A steady stream of air, 
dried by being passed through concentrated sulfuric acid, was bubbled 
through the fat at room temperature for 24 hours. The ration fed the rats 
consisted of the normal basal mixture plus 100 gms. of butterfat and 100 
gms. of the fat under investigation. The results are given in table 11. 
Aerated Mazola and aerated cod liver oil failed to inactivate butterfat. 
Both the aerated and non-aerated fats responded negatively to the Kreis 
test. 
Experiments were made to determine whether thymol lengthened the 
induction period of lard or whether it acted after the termination of this 
period. One per cent concentration of thymol was employed with Wilson's 
open kettle lard. In one case the anti-oxygen was added to the lard prior 
to heating and in the other it was added to the fat following this treatment. 
The ration consisted of the normal basal mixure plus 100 gms. of butter-
fat and 100 gms. of the lard-thymol solution. The results are given in table 
12 and are compared with data obtained by feeding the heated lard with 
no thymol. 
Whereas one per cent of thymol in lard when added prior to the heat 
TABLE 15. Effect CY/ heat and storage upon the iodine number of fats• 
Iodine numberb 
No. hours No. 
Fat heating days stored Before storage After storage 
1. Lard (commercial) .... .. 0 96 61.5 61.5 
8 51 60.4 58.8 
16 51 57.3 54.2 
24 46 42.0 39.4 
2. Lard (open kettle) ...... 0 85 78.1 64.6 
8 79 75.1 61.8 
16 85 70.4 54.4 
24 85 73.3 54.7 
3. Lard (Laurel-leaf Wilson) 0 86 81.2 68.3 
\ 
8 80 79.1 63.3 
16 85 74.7 59.2 
24 85 73.0 51.7 
4. Mazola 
·· ···· ···· ···· ···· 
0 50 127.1 124.5 
8 50 125.8 118.2 
16 46 95.7 98.3 
24 46 92.4 95.5 
• The storage temperature was 1°C. Fats were heated in a one-eighth-inch layer 
at 102°C.-105°C. 
0 Iodine number is the number of gm. of iodine absorbed by 100 gms. of fat. 
' 
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TABLE 16. Effect of heat and storage upon the peroxide value of fats• 
Peroxide value• 
No.hours No. 
Fat heating days stored Before storage After storage 
1. Lard (commercial) ...... 0 88 3.3 5.0 
8 55 136.8 205.0 
16 51 249.0 198.0 
24 55 133.0 162.0 
2. Lard (open kettle Wilson) 0 85 1.7 4.4 
8 79 108.0 282.0 
16 85 292.0 290.0 
-
24 85 305.0 299.0 
3. Lard (Laurel-leaf Wilson) 0 86 4.5 5.8 
8 80 197.0 323.0 
16 85 313.0 250.0 
24 85 295.0 328.0 
4. Mazola ................... 0 50 0.7 5.8 
8 50 148.0 178.0 
16 46 156.0 310.0 
24 46 152.0 280.0 
• Fats were heated in a one-eighth-inch layer at 102°C.-105°C. Storage tem-
perature was 1°C. 
• Peroxide value given in milli-equivalents per 1000 gms. of fat. 
treatment effectively prevented inactivation of butterfat by the heated 
lard (Exps. 2 and 3), it only delayed the inactivation when added to the 
lard following the heat treatment (Exps. 3 and 4). It was thus apparent 
that this anti-oxygen acted by inhibiting the oxidation of the lard, pro-
tecting the induction period against the action of heat. It did not destroy 
the inactivating properties of heated lard but delayed the destruction of 
vitamin A activity in butterfat (Exps. 3 and 4). 
Anderegg and Nelson (5) and Marcus (7) discovered that water 
mixed into the diet protected cod liver oil against the destructive action of 
highly desiccated solids. Experiments were conducted to determine 
whether the presence of water in the diet would alter the action of heated 
fats upon vitamin A activity. The diet fed the rats consisted of the normal 
basal mixture plus 100 gms. of butterfat, 100 gms. of Wilson's open kettle 
lard, and 100 cc. of tap water. The results of the experiments are given 
in table 13 and are compared with data of experiments in which the rats 
received the same diet except for the water. 
The presence of water in the ration caused little, if any, delay in the 
destructive action of heated lard on the vitamin A activity of butterfat. 
The quantity of free fatty acids in a fat increased with the duration 
of heat treatment and storage (table 14), while the iodine number of a 
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fat decreased as the heating and storing progressed (table 15). This may 
well be expected since heat as well as storage oxidized and hydrolyzed the 
fat. The hydrolysis set free the constituent fatty acids; the oxidation oc-
curred at the double bonds reducing the iodine number. There was a ten-
dency for the peroxides in the fat as heating progressed to reach a maxi-
mum concentration and then to decrease in quantity (table 16). They 
appeared to be unstable and may decompose upon further heating. 
SUMMARY 
1. Most of the heated fats that were studied inactivated butterfat; the 
heated fat in contact with the source of the vitamin caused the inacti-
vation. All of the oils with iodine numbers corresponding to those of 
semi-drying or drying oils, upon being heated, inactivated cod liver 
oil as well as butterfat; all the fats or oils with lower iodine numbers, 
upon being similarly heated, failed to inactivate cod liver oil but, with 
the exception of one heated coconut oil sample, inactivated butterfat. 
The vitamin A activity of cod liver oil was found to be far more re-
sistant to the destructive action of heated fats but much more easily 
destroyed by finely divided solids than was the vitamin A activity 
of butterfat. 
2. The saturated fatty acids, stearic and palmitic, and the glycerol por-
tion of fat were not responsible for the inactivating potency of heated 
fats; the unsaturated fatty acids, for example, oleic, linoleic, and 
linolenic, were involved in the response of fats to heat. 
3. The destruction of vitamin A activity in heated-fat diets was appar-
ently not brought about by the heated fat alone; the decomposiion 
products of the vitamin-A-containing oil also participated. 
4. The response of fats to heat, that is, the inactivating power of heated 
fats, increased with the surface exposed to air and with the length 
of the heat treatment; the rate at which the inactivating ability devel-
oped varied with the fat employed. The vitamin-A-inactivating power 
· of heated fats was not produced by heat alone but by the combined 
action of heat and oxygen; heat acted mainly to accelerate the action 
of oxygen. · 
5. Autoclaved lard, most of the stored fats, and aerated fats did not de-
stroy vitamin A activity. 
6. Water incorporated in the ration did not protect vitamin A activity 
against the action of heated fats. 
7. Heated fats did not appear to be toxic when ingested but were toxic 
when injected intraperitoneally; unheated fats were not toxic either 
when ingested or injected. 
8. Anti-oxygens varied in their efficacy with the fat employed; thymol 
was an excellent anti-oxygen with lard but did not possess anti-
oxygenic properties with Mazola or soybean oil. Anti-oxygens pre-
served the induction period and were ineffective if added after the 
termination of this period. Their activity diminished as oxidative 
conditions were intensified. 
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9. Baking did not destroy the vitamin A activity of butter in cookies; 
this was true whether the cookies contained butter as the only fat or 
butter and some other fat such as lard, Clix, or Crisco. 
10. Soybeans in the diet of hogs, although they increased the iodine num-
ber of the hog fat, did not markedly increase the susceptibility of the 
lard to oxidation. 
11. The susceptibility of an oil to oxidation was found to be dependent up-
on the degree of unsaturation, the type of acid responsible for the un-
saturation, and the kind and concentration of anti-oxygens in the fat. 
12. Some aerated fats and some stored fats were toxic when injected 
intraperitoneally;_ others were not. The results indicated that fats 
may give a positive Kreis test and yet be non-toxic when injected 
intraperitoneally. 
13. Although heated Mazola and heated ethyl oleate were definitely 
toxic when injected intraperitoneally, they proved only slightly in-
jurious when introduced by way of stomach tube. 
14. Heated Mazola was not regenerated by agitation with fuller's earth 
or by steam distillation. Semicarbazide hydrochloride detoxified 
heated fats but failed to reduce their inactivating properties; the 
toxic substances are either aldehydes or ketones while the substances 
responsible for the inactivation are neither aldehydic nor ketonic. 
15. The free fatty acids in the fats increased and the iodine number de~ 
creased upon heating and/or storing. ' 
16. There was a tendency for. the peroxides in a fat to increase to a maxi-
mum and then to decrease upon heating and/or storing. The inacti-
vating potency of the heated fats was not strictly proportional to 
their peroxide values. 
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Recently Carson et al. (1940) have published results which are of 
considerable interest. They have investigated the fermentation of glycerol 
by propionic acid bacteria using radioactive carbon (Cn) to label the 
C02. For several years it has been known that these heterotrophic bac-
teria can assimilate C02 (Wood and W erkman, 1935) . The mechanism 
by which this assimilation is accomplished has assumed considerable 
imJ:lortance because it may offer some information relative to assimilation 
in autotrophic photosynthesis and chemosynthesis. Particularly the 
results of Carson et al. emphasize this view because they report that C02 
fixed in the product, propionic acid, is in all three carbons of the molecule. 
This implies that the bacteria build up the molecule entirely from 1-
carbon compounds just as in autotrophism. The evidence was obtained 
by degrading the biologically formed acid and locating the radioactive 
carbon in the fragments of the molecule. This was accomplished by de-
carboxylating the barium salt with heat to yield barium carbonate and 
diethyl ketone, and by a second method of alkaline permanganate oxida-
tion to yield oxalic acid and carbonate. The en was found in all three 
products and in proportions indicating a general distribution of en in 
the chain. 
Wood and Werkman (1938, 1940) and Wood et al. (1940) presented 
evidence that C02 is assimilated in this fermentation by the following 
reaction: C02 + CH3.CO.COOH = COOH.CH2.CO.COOH. Succinic 
acid may then be formed by reduction of the oxaloacetic acid and pro-
pionic acid by decarboxylation of a dicarboxylic acid, perhaps succinic 
acid. Accordingly the fixed C02 would be located in the carboxyl group 
of the propionic acid. 
Because of the theoretical importance of the results of Carson et al., 
and disagreement with our proposals, we have reinvestigated the problem 
by degrading propionic acid obtained from glycerol fermentations in 
which the stable isotope of carbon (C13) was used as a "tracer" of fixed 
C02. The propionic acid was degraded by a-bromination, conversion of 
the a-bromopropionic acid to lactic acid with AgOH, then oxidation of 
the resulting lactic acid with permanganate to acetaldehyde and C02. 
•Journal Paper No. J-836 of the Iowa Agricultural Experiment Station, Project 
No. 572. 
The authors wish to acknowledge grants from the Rockefeller Foundation and 
Dazian Foundation. 
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The acetaldehyde arises from the a and ~ carbons and the C02 from the 
carboxyl group of the propionic acid. All the fixed C18 was found in the 
C02 fraction. The results, therefore, indicate, contrary to those of Carson 
et al., that all the fixed C02 is located in the carboxyl group of propionic 
acid. The discrepancy between the two investigations is caused either by 
use of unreliable degradation methods or the bacteria fixed C02 differ-
ently under the respective experimental conditions. 
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Agkistrodon mokasen cupreus (Rafines-
que) , in southeastern Iowa, 1 
Aliphatic amines, high molecular weight, 
and their derivatives, 13 
discussion, 13 
experimental, 19 
acid chlorides, reaction of, 24 
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direct condensation of, 23 
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20 
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summary, 24 
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nomenon of homology with, 75 
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of n-dodecylamine and n-octadecyl-
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pyrolysis of amine salts to, 230 
Amine hydrochlorides 
preparation of, 21 
reaction of, 24 
Amine salts 
preparation of, 229 
pyrolysis of, to amides, 230 
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direct condensation of, 23 
high molecular weight aliphatic, and 
their derivatives; see Aliphatic 
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high molecular weight primary, mani-
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mechanism of direct condensation of, 23 
Ant, a new, with plumose hairs, from 
Iowa; see Lasius plumopilosus 
Anthocoridae (Hemiptera), a new genus 
and species of, 343 
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Dolichoderinae subfamily, 114 
Dorylinae subfamily, 112 
Formicidae family, 112 
Formicinae subfamily, 144 
Myrmicinae subfamily, 112 
Appraisal of grasshopper control methods 
in Saskatchewan, 95 
Aspect of slope, effect of, on climatic fac-
tors; see Slope 
Avitaminosis E., effect of, on reproduction 
and vitamin E storage in the tissueio 
and milk of goats, 107 
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coli-aerogenes, dissimilation of carbo-
hydrates by, 84 
fluorescent, in dairy products, 72 
heterotrophic, utilization of carbon di-
oxide by, 339 
Bedbug, Brazilian chicken; see Ornitho-
coris toledoi pinto 
Biological and nonbiological means of 
oxidation of polyhydric alcohols, com-
parative studies on, 78 
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Biological decomposition of plant materi-
als, measurement of heat liberated 
in process, 60 
Biological studies of the Brazilian chicken 
bedbug; see Ornithocoris toledoi pinto 
Blue (Roquefort type) cheese, defects 
of, 58 
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age classes of winter cover used by, 3 
management area in southern Iowa, 
history and development of, 98 
Brazilian chicken bedbug; see Ornitho-
coris toledoi pinto 
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171 
Bu.fo cognatu.s Say, 173 
Bu.fa woodhou.sii fowleri Hinckley, 174 
Bu.fo woodhou.sii woodhou.sii Girard, 174 
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trophic bacteria, 339 
Carbon partition, glucose; see Glucose 
Carboxylic acid salts, of n-dodecylamine 
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Carboxylic acids 
direct condensation of, 23 
mechanism of direct condensation of, 23 
Carotenoids in corn gluten, 89 
Catalysts containing oxides of copper, ad-
sorption of hydrogen and activity of, 
104 
Chaetomiu.m fu.nicola Cke., the dissimila-
tion of glucose by; see Glucose 
Cheese, blue (Roquefort type), defects 
of, 58 
Chicken bedbug, Brazilian; see Ornitho-
coris toledoi pinto 
Chlorotic and nonchlorotic areas of Hy-
rum clay loam, factors influencing the 
solubility of iron and phosphorus in; 
see Clay loam 
Clarification of sorgo sirup, the use of 
Iowa clays for; see Sorgo sirup 
Clay loam, Hyrum, factors influencing the 
solubility of iron and phosphorus in 
chlorotic and nonchlorotic areas of, 
433 
discussion, 441 
results, 436 
summary, 443 
Clays, Iowa, in the clarification of Sorgo 
sirup; see Sorgo sirup 
Climatic factors, effect of aspect of slope 
on; see Slope 
Coli-aerogenes bacteria, dissimilation of 
carbohydrates by, 84 
Colinus v. virginianus, age classes of win-
ter cover used by, in southern Iowa, 3 
Comparative studies on the oxidation of 
polyhydric alcohols by biological and 
nonbiological means, 78 
Copper, adsorption of hydrogen and ac-
tivity of some catalysts containing 
oxides of, 104 
Copperhead, the northern, in Iowa, 1 
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Correlation between adsorption of hydro-
gen and activity of some catalysts 
containing oxides of copper, 104 
Correlations, growth, in maize seedlings, 
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Dairy products, the fluorescent bacteria 
in, 72 
Decanediamine, prepartion of, 1, 10-, 20 
Decomposition 
biological, of plant materials, measure-
ment of heat liberated in process, 
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tion studies on; see Soil respiration 
studies 
of organic materials, influence of, on 
some properties of alkaline-cal-
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calcareous 
Dedication, to Percy Edgar Brown 
Defects of blue (Roquefort type) cheese, 
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by propionibacterium, 213 
Derivatives 
high molecular weight fatty acid; see 
Fatty acid derivatives 
cf high molecular weight aliphatic 
amines; see Aliphatic amines 
opti.::ally active succinic acid, ring clos-
ure of, 93 
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Determination of uronic groups in soils 
and plant materials; see Uronic groupg 
Development of western wheat stem saw-
fly (Cephus cinctu.s Nort.) in various 
host plants as an index of resistance, 
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Dietary modifications of host rats on the 
tapeworm, effects of; see Hymenolepis 
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Dissimilation of carbohydrates of the coli-
aerogenes bacteria, 84 
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funicola Cke., the; see Glucose 
Distribution of Iowa toads, the; see Toads 
Distribution of Pseudomcmas fragi, 87 
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amides of n-, 223 
Dodecyl bromide, preparation of n-, 220 
Dodecyl sulfide, preparation of n-, 221 
Dodecyl sulfone, preparation of n-, 221 
Dodecyl sulfoxide, preparation of n-, 221 
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Evaluation of the germicidal properties 
of sodium hydroxide and effect of 
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Factors influencing the solubility and 
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see Clay loam 
Fats, treated, effect of, on vitamin A 
potency; see Vitamin A potency 
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weight, 215 
amides, pyrolysis of amine salts to, 230 
amine salts 
preparation of, 229 
pyrolysis of, to amides, 230 
attempted reduction of, 219 
ethyl stearate, preparation of, 217 
dodecylamine, carboxylic acid salts and 
amides of n-, 223 
dodecyl bromide, preparation of n-, 220 
dodecyl sulfide, preparation of n-, 221 
dodecyl sulfone, preparation of n-, 221 
dodecyl sulfoxide, preparation of n-, 221 
hexadecyl bromide, preparation of n-, 
219 
hexadecyl sulfide, preparation of n-, 219 
hexadecyl sulfone, preparation of n-, 
220 
hexadecyl sulfoxide, preparation of n-, 
219 
octadecyl sulfide, preparation of n-, 217 
octadecyl sulfone, preparation of n-, 218 
octadecyl sulfoxide 
preparation of n-, 218 
reduction of, to n-octadecyl sulfide, 
219 
oxidation of, to n-octadecyl sulfone, 
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sulfides, sulfoxides, and sulfones, 215 
tetradecyl bromide, preparation of n-, 
220 
tetradecyl sulfide, preparation of n-, 
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tetradecyl sulfone, prepaartion of n-, 
220 
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summary, 285 
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methods, 302 
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summary, 305 
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funicola Cke., 261 
glucose carbon partition, 261, 263 
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effect of, 265 
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materials and methods, 261 
summary, 267 
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content of; see Fructosan content 
Grasshopper control, appraisal of meth-
ods in Saskatchewan, 95 
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Heat liberated in the biological decom-
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219 
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219 
Heterotrophic bacteria, utilization of car-
bon dioxide by, 339 
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variation in type material, 233 
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Long-chained aliphatic compounds, phe-
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Lygus, from the western United States, 
new species, 269 
Maize seedlings, growth correlations in, 82 
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biological decomposition of plant 
materials, 60 
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tion; see Red fox 
Methods and computation in fecal analy-
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Micro-organisms, numbers of, in relation 
to aggregate size; see Aggregate size 
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from China, some new species of, 241 
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Myxobacteria, studies on, 307 
distribution in central Iowa with de-
scription of new species, 307 
cultured species, 309 
identified but not cultured species, 311 
isolated species, 309 
isolation methods, 307 
summary, 311 
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role as bacterial parasites, 319 
associated bacteria, 320 
discussion, 333 
experimental procedures and results, 
320 
isolation procedures, 319 
summary, 334 
Naphthylureas, preparation of a-, 22 
New genus and species of anthocoridae 
(Hemiptera), 343 
New species of Lygus from the western 
United States, 269 
New species of Mesoveliidae, 275 
New species of Miridae (Hemiptera) from 
China, some, 241 
Nitriles, preparation of, 19 
Northern copperhead in Iowa, the, 1 
Note on the utilization of carbon dioxide 
by heterotrophic bacteria, 339 
Notes on the family Mesoveliidae (Hemip-
tera) with descriptions of two new 
species, 275 
Octadecylmalonamide, preparation of N, 
N'Di-N-, 24 
Octadecylurea, preparation of N,N'Di-N-, 
22 
Octadecanol, preparation of n-, 217 
Octadecylamine, carboxylic acid salts and 
amides of n-, 223 
Octadecyl bromide, preparation of n-, 217 
Octadecyl sulfide 
preparation of n-, 217 
reduction of n-octadecyl sulfoxide to, 
219 
Octadecyl sulfone 
preparation of n-, 218 
oxidation of n-octadecyl sulfoxide to, 
219 
attempted reduction of, 219 
Octadecyl sulfoxide 
preparation of n-, 218 
reduction of, to n-octadecyl sulfide, 219 
oxidation of, to n-octadecyl sulfone, 219 
Optically active succinic acid derivatives, 
ring closure of, 93 
Organic matter, native, soil respiration 
studies on the decomposition of; see 
Soil respiration studies 
Ornithocoris toledoi pinto, biological stud-
ies of, 27 
biological studies, 28 
adults, 29 
egg laying, 30 
incubation, 30 
mating, 29 
nymphs, 31 
discussion, 33 
distribution, 27 
Oxidation of i-inositol by the action of 
Acetobacter suboxydans; see Aceto-
bacter suboxydans 
Oxidation of polyhydric alcohols by bio-
logical and nonbiological means, 
comparative studies on, 78 
Oxides of copper, adsorption of hydrogen 
and activity of some catalysts con-
taining, 104 
Phenomenon of homology with long-
chained aliphatic compounds, 75 
Phenylthioureas, preparation of, 22 
Phenylureas, preparation of, 22 
Phosphorus in chlorotic and nonchlorotic 
areas of Hyrum clay loam, factors 
influencing solubility of; see Clay 
loam 
Phosphorus in soil and plant material, a 
rapid method for the determination 
of total, 403 
experimental results, 404 
phosphorus in forage or grain, recom-
mended procedure for total, 409 
phosphorus in soil, reagents for total, 
408 
phosphorus in soil, recommended 
procedure for total, 408 
summary, 412 
Phthalamic acids, preparation of, 23 
Phthalmides, preparation of, 23 
Place for the plate count method as ap-
plied to soil; see Plate count method 
Plant and soil material, method for deter-
mination of phosphorus in; see Phos-
phorus in soil and plant material 
Plant materials, determination of uronic 
groups in; see Uronic groups 
Plant materials, measurement of heat 
liberated in the biological decom-
position of, 60 
Plate count method as applied to soil, a 
place for, 375 
errors of the method, 376 
place for the method, 381 
principles and not procedures, 380 
Polyfunctional compounds, some prefer-
ential reactions of, 63 
Polyhydric alcohols, comparative studies 
on oxidation of, by biological and 
nonbiological means, 78 
Population estimates, red fox; see Red fox 
INDEX 457 
Potency, vitamin A, effect of treated fats 
on; see Vitamin A potency 
Preferential reactions of polyfunctional 
compounds, 63 
Preliminary list of Iowa ants; see Ants 
Propionibacterium, note on the degrada-
tion of propionic acid synthesized by, 
213 
Propionic acid, synthesized by propioni-
bacterium, note on the degradation 
of, 213 
Pseudomcmas fragi, distribution of, 87 
Pyrolysis of amine salts to amides, 230 
Quail, age classes of winter cover used 
by, in southern Iowa, 3 
Quantitative spectroscopic analysis of 
soils; see Soils 
Rapid method for the determination of 
total phosphorus in soil and plant 
material; see Phosphorus in soil and 
plant materials. 
Rats, effects of dietary modifications of, 
on the tapeworm; see Hymenolepis 
diminuta 
Reactions of polyfunctional compounds, 
preferential, 63 
Red fox, method for estimating popula-
tion, 155 
application, 157 
evidence of occupation, 155 
interpretation, 158 
summary, 159 
Red fox, methods and computation in 
fecal analysis with reference to; see 
Fecal analysis 
Reproduction, effect of avitaminosis E on, 
107 
Respiration studies, soil, on the decom-
position of native organic matter; see 
Soil respiration studies 
Rhizobia, an identification scheme for 
numbering cultures of, 425 
discussion, 431 
identification of cultures of, 430 
Leguminosae family, 425 
Rhizobium leguminosarum, studies of 
cultures of, for seed pea production, 
415 
effect on nodulation and yield of peas, 
417 
experimental plans and methods, 416 
Ring closures of optically active succinic 
acid derivatives, 93 
Sawfly, western wheat stem, development 
of, in various host plants as an index 
of resistance, 67 
Scorpions of Arizona, 101 
Seed pea production 
gypsum for, 4Ui 
straw for, 415 
studies of Rhizobium leguminosarum 
for; see Rhizobium leguminosarum 
Sirup, sorgo, the use of Iowa clays for the 
clarification of; see Sorgo sirup 
Slope, effect of aspect of, on climatic 
factors, 161 
climatic factors, comparison of, 162 
stations, description of, 161 
summary, 166 
Sodium hydroxide, germicidal properties 
of, 49 
Soil and plant material, method for the 
determination of phosphorus in; see 
Phosphorus in soil and plant material 
Soil, a place for the plate count method 
as applied to; see Plate count method 
as applied to soil 
Soil microbiology, some contributions to, 
and their influence on the develop-
ment of this science, 349 
Soil respiration studies on the decom-
position of native organic matter, 353 
moisture, effect of, 365 
methods, 359 
native organic matter, decomposition 
of, 361 
nitrogen, available, effect of, 369 
object of investigation, 354 
soils studied, 354 
acid soils, 354 
alkaline soils, 356 
"alkali" soil, 357 
Soils 
alkaline-calcareous, influence of the 
decomposition of organic materials 
on some properties of, 385 
experimental, 386 
aggregation of soil particles, 
changes in, 396 
methods and procedure, 386 
nitrate formation and changes in 
pH, correlation between, 395 
nitrate-nitrogen changes, 394 
pH effects, 391 
rate of decomposition, 389 
summary, 399 
determination of uronic groups in; see 
U ronic groups 
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quantitative spectroscopic analysis of, 
119 
powders, analyses of, 120 
results and discussion, 123 
solutions, analysis of, 121 
spectroscopic equipment and pro-
cedure, 119 
Some contributions to soil microbiology 
and their influence on the develop-
ment of this science, 249 
Sorgo sirup, clarification of, the use of 
Iowa clays for, 287 
characterization of clays, 292 
comparison of clays, 290 
conclusions and summary, 297 
description of, 295 
experimental work, 290 
historical and theoretical, 289 
methods of producing sorgo sirups, 288 
Spectroscopic analysis of soils, the quan-
titative; see Soils 
Straw for seed pea production, studies 
of, 415 
Studies on the Myxobacteria; see Myxo-
bacteria 
Succinic acid derivatives, optically active, 
ring closure of, 93 
Sulfides, as fatty acid derivatives, 215 
Sulfones, as fatty acid derivatives, 215 
Sulfoxides, as fatty acid derivatives, 215 
Tapeworm, effects of dietary modifications 
of host rats on; see Hymenolepis 
diminuta 
tetradecyl bromide, preparation of n-, 
220 
tetradecyl sulfide, preparation of n-, 
220 
tetradecyl sulfone, preparation of n-, 
220 
tetradecyl sulfoxide, preparation of n-, 
220 
Textile detergents, comparison of, 55 
Tissues and milk of goats, effect of avita-
minosis E on vitamin E storage in, 107 
Toads, Iowa, the distribution of, 169 
American toad (Bufo americnntLS 
americanus Holbrook) , 171 
Fowler's toad (Bufo woodhotLSii fowleri 
Hinckley), 174 
Great Plains toad (Bufo cognatus Say) , 
173 
key to the toads of Iowa, 169 
Rocky Mountain toad (Bufo woodhousii 
woodho'USii Girard), 174 
summary, 17 4 
Tribolium conftLSum, as a vector in tape-
worm studies, 127 
Uronic groups in soils and plant materials, 
determination of, 253 
apparatus, description of, 253 
operation, 255 
summary, 259 
uronic content of plant materials, de-
termination of, 256 
uronic content of soil organic matter, 
determination of, 255 
Use of Iowa clays for the clarification of 
sorgo sirup; see Sorgo sirup 
Utilization of carbon dioxide by hetero-
trophic bacteria, 339 
Variations in Galium triflorum and 
Galium boreale, 179 
Vitamin A potency, effect of treated fats 
on, 189 
experimental and discussion, 189 
summary, 210 
Vitamin E storage in the tissues and milk 
of goats, effect of avitaminosis E on, 
107 
Vulpes regalis, estimating population of; 
see Red fox 
Western wheat stem sawfly, develop-
ment of, in various host plants as an 
index of resistance, 67 
Winter cover, age classes of, used by 
eastern bob-white, 3 
Wool 
formaldehyde as a finish for, 55 
halogen as a finish for, 55 
Yeasts, effect of acidity on, 49 
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